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Early Experience of the 
SAO Satellite-Tracking 

Program tracking, was to be launched at a low indii 


Af. R° Pearlman 1 

Smithsonian Astrophysical Observatory, 
Cambridge, Massachusetts 02138 

When Fred L. Whipple of Harvard Univer- 
jjiy assumed the directorship of the Smithso- 
nian Astrophysical Observatory (SAO) in 
mid- 1955, he proposed to the National Acad- 
emy of Sciences and the National Science 
Foundation that the observatory be given re- 
sponsibility for optical tracking of satellites 
during the IGY of 1957-1958. Several coun- 
tries had expressed their intentions to launch 
saieliites during the ] 8-month period to sup- 
port research in ionospheric and upper atmo- 
spheric physics, including the effects of solar 
flares and solar radiation, and in geodesy and 
geophysics. On the basis of his experience at 
the Harvard College observatory with the Sn- 
per-Schmidt cameras for meteor photogra- 
phy, Whipple was confident that optical 
tracking could provide a powerful means of 
monitoring satellite positions. The proposal 
was accepted in late 1955, and it was assumed 
that the total observing program would last 
only 18 months and would involve only a few 
saieliites. 

fly early 1956, Whipple, with the assistance 
ofj. Alien Hynek, had designed a program 
to determine the position of saieliites illumi- 
nated in twilight periods by use of a ncLwork 
of 10-12 large aperture cameras based on 
the model of the Super-Schmidt. They also 
specified the requirements for communica- 
tions and computations, as well as the need 
(or a worldwide network of visual observers 
who would make preliminary observations lo 
assist the large cameras in satellite acquisition. 
This volunteer network, later to be called 
Moonwatch, ended up playing a far larger 
role than was driginally projected. 

, The oplics of the special tracking camera 
were designed by James Baker of Harvard. 
Based on the specifications proposed lor the 
Vanguard satellite. Baker designed nil //I 
camera with 20-incli-diamcLcr a|>erLiiiv, a 
curved focal plane, and an elaborate three-el- 
ement corrector cell (see Figure 1). The 
mount and drive mechanism of Lhe camera 
were designed by Joseph Nunn Associates. 

The camera, although it proved to be far 
swe complicated, heavy, and costlv than was 
originally anticipated, is a tribute to its de- 
signers. Many years later, the camera was sLili 
considered to be a formidable instrument of 
optimum design. The contract for the con- 
Mruciion of the camera optics was awarded to 
. kin-Elmer, a nd the contract for fabrica- 
tion was given lo Boiler and Chivcns in the 
autumn of 1956. The logistics of maiuifac- 
lunng what was to be called the "Bakcr-Nunn 
ameia" were formidable. The camera was a 
new design. Twelve units were built concur- 
rently. No prototype and n«> real testing werq 
planned. The optics were fabricated op (hR 
coast, the mechanics on the west const- 
fians called for the cameras in be assembled 
|n Pasadena, California, with each shipped to 
site u it was completed. Finally, the entire 
irv u was 10 b* operational during the 
IW.LL 1 Waa to sian July I. 1957. 

Jv* , * ,e cameras were being designed 
built, the process of site selection was un- 
way. The Vanguard satellite, which was 
idered to be the prime candidate for 
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tracking, was to be launched at a low inclina- 
tion. Thus, most station sites were selected to 
provide low latitude coverage around the 
world, with a few sites at slightly higher lati- 
tudes to provide enhanced geometry for geo- 
detic research. Other site requirements in- 
cluded good weather, good horizons, and 
reasonably good accessibility for the receipt 
and transmission of data, equipment, and 
personnel. The final network is shown in Fig- 
ure 2. Network stalling was arranged to suit 
local conditions: Some stations were manned 
solely by U.S, citizens, some by foreign na- 
tionals, and some by mixed crews. SAO de- 
veloped the requirements for each site from 
the building design to the tools necessary for 
operation, although the basic plan was quite 
simple: a building to house the tracking cam- 
era and electronics and an office for adminis- 
trative and data reduction functions. 

Meanwhile. Lhe amateur network. Moon- 
watch, was being rapidly organized with the 
help of astronomers worldwide. Observers 
were to use binoculars, or small telescopes, 
and slop watches to determine rough satellite 
positions, which would be radioed or tele- 
phoned to Cambridge. Mass., for retransmis- 
sion to the camera stations as refined orbital 
predictions. Moonwatch team members were 
expected to furnish their own equipment; Inn 
SAO provided the design for building an in- 
expensive monoscopc. In the end. Moon- 
watch evolved into two networks: a large net- 
work of observers using small telescopes ca- 
pable of tracking objects to 7th-9lh mag- 
nitude, and a smaller network of observers 
using larger telescopes capable of acquiring 
fainter objects. (This latter group would play 
a vital role later in the recovery of “lust” satel- 
lites.) By the summer or 1957, 80 active 
teams had been organized in the United 
States, with a similar number overseas. Dur- 
ing dial summer, sinlulaiion tests, using lights 
on aircraft, were conducted over a number or 
sites in the United States to check operational 
procedures and observer response. The U.S. 
Air Force played a very ini|x>rtniu role in the 
organization and setup of Moonwaicli, and 
diis close relationship and support mmiiuicd 
through the subsequent operational years of 
the network. 

Staff recruitment for the Baker- Nunn cam- 
era network began in early 1957. The obser- 
vatory looked for candidates who were eager 
and enthusiastic as well as responsible- .mil 
versatile. It got pioneers: do-it-yourself indi- 
viduals who could devise and implement a 
means to do any job. These people really 
built the network, hra in the held and later 
in Cambridge, when many returned to help 
in Lhe development and evolution of the 
headquarters operation. 

Through marathon sessions at both Perkin- 
Elnier and Boiler and Chivens, the first 
Baker-Nunn camera was completed on Sep- 
tember 30, 1957, and was set up outside the 
plant in Pasadena for star tests (see Figure 3). 
From photographs taken October 2, it ap- 
peared that the camera was functioning, but 
some minor modifications and adjustments 
were necessary. It was estimated that this 
work would require about 2 weeks. 

Thus, when Sputnik 1 was launched Octo- 
ber 4, 1957, the first Baker-Nunn camera was 
in Pasadena, still in need of work. Moreover, 
communications facilities had yet to be estab- 
lished at SAO headquarters, and the orbital 
software was still being debugged. Fortunate- 
ly, Moonwatch was operational. The first op- 
tical observations came from the Geophysical 
Institute in Alaska on October 4 and 5. The 
first confirmed Moonwatch observations also 
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came from Alaska on October 8 and then 
from a Connecticut team on October 10. 

These, and subsequent Moonwatch observa- 
tions, were used to refine predictions on a 
day-by-day (and even hour-by-limir) basis for 
the compulations groups at SAO. 

The visibility for Sputnik over Pasadena 
was poor in early October, sn the Baker- 
Nunn Camera was disassembled anti modi- 
fied. It was hack outside hy inkl-mnnih; tin 
October 17. the first photographs of Sputnik 
were taken (see Figure -I). From these photo- 
graphs, it became evident that die tracking 
procedures required considerable improve- 
ment; although many frames had been taken, 
images appeared on only a few. (The camera 
actually photographed Sputnik's orbiting 
rocket body. In fact, it appears now that no 
western observer ever photographed the first 
Sputnik.) The camera remained at Pasadena 
for 3 weeks while tracking procedures were 
modified; it was then ship|ied to lhe first net- 
work tracking station ol Las Ci uces. New 
Mexico. 

On November 3, the Russians launched 
Sputnik 2. To supplement the network on an 
interim basis, Super-Sib midi laincras (rum 
the Harvard Meteor Project were sent in Ar- 
gentina and Hawaii to support i racking activi- 
ties. 

One of the biggest surprises and the first 
scientific discovery produced by tracking the 
Sputnik satellites was die large clleci of air 
drag on orbiting Indies. The air density at 
orbital altitudes pruveJ lo be considerably 
larger than was expected. In addition, since it 
had been anticipated that the first satellite 
would he the U.S. Navy Vanguard, with an 
orbit much higher than Sputnik, the orbital 
sol Lw,ii e had ill icit: no .ircommodaimn for 
this air drag. As a result, early orbital predic- 
tions were ufien 5-10 min off. and the ob- 
servers had to use elaborate search tech- 
niques to find the satellites. The early predic- 
tions Lhus relied heavily on Moonwatch visual 
observations, and, on some occasions, direct 
telephone contact between the Las Cruces 
Baker-Nunn camera and Moonwatch stations 
was established to produce updates in real 
lime. By early 1958, however, predictions had 
improved considerably through the work of 
Luigi Jacchia, who developed models of at- 
mospheric drag. (Jacchia used the same tech- 
nique to predict accurately the demise or 
Sputnik 2 in April 1958.) 

When the first U.S. satellite (Explorer 1 . as 
it turned out, rather than Vanguard) was 
launched in January 31, 1958, Moonwatch 
observations were made almost immediately. 
Baker-Nunn observations were provided by 
the new station in South Africa by mid- 
Mareh. As the other cameras were completed, 
they were shipped immediately to the field 
stations by U.S. Air Force MATS Rights. The 
schedule of deployment and dates of first sat- 
ellite observations are shown in Table 1. By 
mid- 1958, all 12 cameras were in operation. 

Because of the rush to field the cameras 
and crews, insufficient lime was devoted to 
many of the observational, timing, and data 
reduction techniques. As a result, each sta- 
tion, and in some cases each observer, devel- 
oped individual and innovative methods. 

Some were very good; some were less so. 

These differences in technique often led to 
difficulties in correlating data From one sta- 
tion to another, Another major problem was 
the Inck of a standard star chart. Star post- • 
lions were available in tabular form, and. 
some observers memorized portions of the 
sky. But it was not uncommon to take 6-10 ■ 
hours to identify star backgrounds for an 
evening's observations. However, by late 
1958, standardized operating procedures; had 
been established for the field stations, and ex- 
. tensive communications, computations, and . - 
phbtoreductlon facilities had been set up at ■ 
SAO. With the new Mann X-Y measuring 
machines, satdlHeiposillonS could be deter- ‘ 

mined to 1-2 arcseconds, no accuracy com- 

. patible widt 10 m determination of station 
position. Moonwatch [continued to play. a very 
fundamcriml roje In the nelwprk; 230 teams 

had already been established with over 3000 , 

successful observations. 

the IGY had; assumed an 18-month pro- .; 
gram With only a few salellites. Yet, by the . 

, ehd of the IGY, Uicre were already llsalel-, 
lites in orbit, and it w?s recognized that tfifc ' ; 
international ipace program was just begin- ; . 
nlng. In July 1958! NASA -was fbmied to lake 
I , over responsibility for what was bjjyiqusly gor 


ing to be a long-term national program. Con- 
sequently, following the IGY, sponsorship of 
5 AO’s SaLcIliie-Tracking Program was as- 
sumed by NASA. 

SAO also recognized early that the space 
program would evolve rapidly and that the 
rapid distribution of information on events 
and scientific research was essential. The ob- 
servatory instituted the SAO Special Report St- 
ria as pari of its overall program, with the 
first report, “Preliminary Orbit Information 
Tor U.S.S.R. Satellites 1057 Alpha I and Al- 
pha 2," issued October M. juM 10 days after 
the Sputnik launch. Over the next five years, 
more than 100 reports were issued on tile re- 
sults ol optical satellite tracking iutUiiliug 
models of atmospheric density and its varia- 
tions with solar activity, geopnteuii.il model- 
ing. atmospheric ami ionospheric iniluenccs 
on radio and optical propagation, satellite 
dynamics, and celestial mechanics. 

As the Space Age progressed, the Baker- 
Nunn cameras also demonstrated their full 
design capabilities: Vanguard 1 . a (i-iucti di- 
ameter sphere, was photographed at a range 
or 2'Kiu miles; Explorers 6 and 12 were pho- 
tographed at ranges of I-l.0i.lU and Iti.UUU 
miles, respectively. In addition to satellites, 
the camera was also used lo observe comets. 
Hare stars, artificially injected Lon clouds, up- 
per stage rocket firings, and gas dumps in 
space. 

By the early LftGfa, network operations had 
become mure systematic and routine. Man- 
uals and procedures were in use. and all sta- 
tions provided data on a uni form basis. Star 
charts and improved geodetic models for or- 
bit analysis were available, and many of the 
early equipment problems find been solved. 
Improved calibration procedures were avail- 
able Tor pliotoreditction, together with more 
efficient methods of cataloging obserVa lions. 
Long arc photography techniques had been 
developed, and simultaneous observation 
programs to measure baselines were intro- 
duced with the launch of the ANNA I B satel- 
lite with Hashing lights in 1962. The result 
was a steady improvement in data yield and 
efficiency (see Table 2). By the mid-1960s, 
the Photorcductinn section of SAO was pro- 
viding more titan 50.000 precise positions per 
year. Moonwatch continued to be very active 
through the decade, with over 100,000 obser- 
vations acquired by 1967. Although Moon- 
watch's role in producing predictions for the 
Baker-Nunn cameras had diminished some- 
what, the network played an important role 
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elihe Tracking- Program also became appar- 
ent in the 1960s. The first “Standard Atmo- 


sphere," relying on large amounts or optical 
tracking data, was published in 1964. In 
1966, the Fiist “Smithsonian Standard Earth" 
provided a gcopotential model of the planet, 
as well as a grid of satellite-determined sta- 
tion positions, and a discussion on the geo- 
detic prospects for die future. These and 
similar models represented both the culmina- 
tion of work that had begun during die I GY 
and the precursor of future research in satel- 
lite geodesy, geophysics, and upper atmo- 
spheric physics. The original goal of 10-m 
station positions at the time of the IGY has 
evolved, 25 years later, into a goal of I cm. 

The Baker-Nunn cameras were gradually 
replaced by laser ranging systems in the 
1970s, as SAO's mission of operational track- 
ing changed to the support of scientific pro- 
grams, particularly in earth dynamics. As the 
original stations were relocated to provide ad- 
ditional geodedc coverage, many of the cam* 
eras were decommissioned, and have since 
been donated to university and research or- 
ganizations for continued scientific use. Ap- 
propriately, the first Baker-Nunn, which had 
photographed the Sputnik I rocket body 
from a machine shop yard in Pasadena and 
later saw service in New Mexico and Arizona, 
was officially transferred in 1 980 to the Na- 
tional Air and Space Museum to become pan 
of die collections marking the history of the 
early Space Age. 



GALE 


in the acquisition ofW satellites and in 
providing specialized trucking for atmospher- 
ic studies and lung period |>cr( urbat ions. 

(The Moon watch network would continue to 
operate on a limited basis until 1975 when it 
was disbanded.) 

The scientific contributions of the SAO Sat- 
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TABLE 1. 


Shipping Schedule of Baker-Nunn Cameras and First Successful Observations 


Station 


Date Camera 
Shipped 


Date or 

First Observation 


New Mexico 

South Africa 

Australia 

Spain 

Japan 

India 

Peru 

Iran 

Curasao 

Florida 

Argentina 

■Hawaii 


November 2. 1957 
February 3, 1958 
February 22, 1958 
March 2, 1958 
March 20. 1956 
March 30. 1958 
April 8. 1958 
May I, 1958 
May 5, 1958 
Mav 8. 1958 
May 15, 1958 
May 28, 1958 


Object 

Photographed 


November 26, 1957 
March 18. 1958 
March 1 1, 1958 
March 18, 1958 
April 5, 1958 
August 29, 1958 
July-1, 1958 
May 20. 1958 
. unc 22, 1958 
une 10, 1958 
. ulv 10, 1958 
July 4. 1958 


1957 a I 

1958 alpha 
1957 beta 

1957 beta 

1958 alpha 
1958 81 
1958 alpha 
1958 81 
1958 alpha 
1958 82 
1958 82 
1958 alpha 


TABLE 2. Baker-Nunn Camera Predictions and Observations 1959-1967 


A cooperative research project to study 
winter cyclonic development oil the east coast 
of the United States is being planned by an 
informal consortium of universities and fed- 
eral research laboratories. Known by the ac- 
ronym GALE (Genesis of Atlantic Lows Ex- 
periment). the project is designed to provide 
detailed information on the role of air-sea in- 
teraction, boundary layer, and mesoscaic pro- 
cesses in cydogenesis and froiuogetiesis off 
the Carolina coast. 

Rapid cyclogenesis ofT the Carolina coast 
often leads to severe weather in the heavily 
populated northeast corridor. Recent exam- 
ples include the Presidents' Day snowstorm of 
February 18-19, 1979, which deposited (>U 
cm of snow on the Middle Atlantic States; the 
April 6-7, 1982, snowstorm and windstorm 
in which more than 50 people lost their lives; 
and the February 1 1-12, 1983, blizzard lhaL 
paralyzed the northeast with record-breaking 
snowfall and freezing rain that caused 70 
deaths. It is hoped that the detailed studies to 
be carried out in GALE will help improve the 
forecasting of such east coast cyclones. 

Four university research teams have joined 
together in proposing the “core" research ef- 
fort for GALE. They are the State University 
of New York at Albany (SUNY), Drexel Uni- 
versity, North Carolina State University 
(NCSU), and the University of Washington 
(UW). Support for the core research effort 
has been requested from the Atmospheric 
Sciences Division of the National Science 
Foundation (NSF). Researchers from the Na- 
tional Oceanic and Atmospheric Administra- 
tion (NOAA) and the National Aeronautics 
and Space Administration (NASA) will also 
participate in the core effort. Requests have 
been made to the National Center for Atmo- 
spheric Research (NCAR), NOAA, and 
NASA for facilities and personnel support. 

The proposed core research effort for 
GALE calls for a 4-year program, centered 
around a 2-month field project from January 
15 to March 15, 1985. Field facilities will be 
deployed over an approximately 2.5 x I0 n 
km* area, extending from Savannah in (lie 
south to Wallops Island in the north and 
from Greensboro in the west to about 200 km 
off ‘he Carolina coast to the east. Proposed 
field facilities include specialized satellite cov- 
erage. a dense mesonetwork of ground sta- 
tions, augmentation of the National Weather 
Service (NWS) rawinsonde network, tethered 


Predictions 


Observations 


Year 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 
Totals 


Percentage of 
Predictions 
Observed 


and free balloons, meteorological lowers, dig- 
itization of the NWS radars from Florida to 


22.463 

32,491 

61,632 

70,379 

82,734 

99,847 

130,331 

143,362 

126.514 

747,290 


6.524 

12,249 

19.520 

27,257 

23,895 

45,196 

61,075 

70,829 

56,315 

316,336 
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The Tectonic and Geologic Evolution 
of Southeast Asian Seas and Islands: Part 2 (1983) 

Dennis E. Hayes, Editor 


The most comprehensive analysis 
conciusiofis and speculations 
available anywhere regarding 
selected key regions within 
Southeast Asia. 


Expands on previous studies 
completed since the publication 
of G.M. 23 The Tectonic and 
Geologic Evolution of Southeast 
Asian Seas and Islands" (1980) 
D.E. Hayes, editor. 


Spans an unusually wide spectrum 
of disciplines .. . . geochemistry, 
seismo- tectonics, stratigraphy, 
paleomagnetism, and more. 

Integrates vital information from 
both offshore and onshore 
investigations. 


New York, four Doppler radars, several re- 
search aircraft, microwave and infrared radi- 
ometers, additional meteorological buoys and 
a research ship off the Carolina coast, and a 
lightning detection system from Georgia to 
Maine. 

Overall scientific guidance for GALE is the 
responsibility of the Scientific Steering Com- 
mittee (SSC). The members of this committee 
are Peter V. Hobbs (UW), chairman; L. F. 
Bosart (SUNY), vice chairman; S. P. S. Arya 
(NCSU); D. Atlas (NASA/Goddard); I). A. 
Barber (NCSU); W. Bonner (NOAA/NMC); 

J Perke y (Drexel); and R. J. Scrafin 
(NCAR), Ex officio members arc R. A. Dirks- 
(NSF), P. H. Herzegh (NCAR), and C. W. 
Kreitzberg (Drexel). 

It is anticipated that other scientists will 
wish to take advantage of the opportunities 
afforded by the research facilities to be 
mounted for GALE and the unique data base 
that should accrue from this project. Those 
wishing to participate in GALE are invited to 
submit, by October 1, 1983, to the chairman 
or vice chairman of the GALE SSC a brief 
statement of interest (Peter V. Hobbs, AK-40 
University or Washington, Seattle, \VA 
98195; Lance F. Bosart, Department of At- 
mosphenc Science ES-227, State University of 
New York at Albany, 1400 Washington Avc- 
nue, Albany, NY 12222). The statement 
would outline the research objectives, instru- 
mentation and/or data requirements, field 
operational plans, and the anticipated source 
and level of financial support. These state- 
ments will be used to coordinate further 
planning for GALE. 
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possible new theory of gravitation 1 ' [nIL 
sn^hoftm. ,() 1983). Borneas propW* 
crnhzcd equations that explain why for P 
ample . cxpei imenis done in our sir sZ 
•satisfy Einstein s theory, whereas in ten? 
domains ol space, such results would rot! 
wfv the modified theory. * 

Borneas notes that the main Einsieinai 
fields can he derived from the action pri* 
pie, as billows Irum tl.e space-time dfc 
tial equation: 

8j rf x g'A (R x Lm) - 0 


where R is defined as the scalar curvatuW 
space-time; the LM is the mailer Ugraim 
Mure recent requirements include the £ 
lion of □ supplementary scalar field to (his 


field. The approach in the new theory™ 
define a scalar field such that its contribute! 


vw.n i UAIJJ 

varies m an acceptable way. The result xorii 
have die supplementary field approach m 
in this solar system. In Lagrangian forratte 
supplementary gravitational field is repre- 
sented simply; 


f* 4 (summation convention) 


The t term is the factor related to dmu* 
stances in space and can vary from zero. Bcr 
neas accomplishes this by relating * to the 
metric gu and its variations, as follows: 


e = » (I y + r„ r V) 


in which T,, 4 ' is die contracted Christoffel 
symbol, used here to build the appropriate 
scalar dependence. The / is defined as a 
very small imaginary vector (not a measunM 
field), e being a real scalar that depends on 
the metric. 

Borneas' equation thus becomes 


8# | dx + gVi (R + LM + Ls) - 0 


He notes the value of the ChristofFe! symbol 
as (iy)0 when it has die maximum value in 
the solar system. Thus it follows that 


* - -# (V + (fV) 0 vj - o 


resulting in the supplementary field, under 
those conditions, approaching zero. Thne 
are the conditions under which all solar sys- 
tem experiments have been conducted. 

If, however, the value of the Christoffel 
symliol in the same frame of reference is 
larger, say. in some odier domain of spent 
becomes important. For smaller values within 
the solar system, hut in a different reference 
frame, e still has the same value. 

These ideas are in agreement with expen- 
menial results that have been made to lest 


Einstein's theory. Borneas notes the proper* 
tics of the supplementary field as follows: hi* 
possible that sonic effects result from a rapid 
variation of the metric In some domains of 


spice (perhaps under conditions of gravita- 
tional collapse or due to quasar or cosmic c* 
lastropliics), 

This new theory, though m I testable direct- 


» iii* uuv imjiJiy, uiuu^ii iiuwcBin— — 

ly, may oroduce indirect effects that ran « 
observed . — PMli 


Shuttle Woes 


Shortages of spare parts and delays caused 
by unexpected repairs arc moil likely to® 1 * 
tcrfcrc with the National Aeronautics aw 
Space Administration’s (NASA) goal of*! 
nual apace shuttle launches by 1990, acrot® 
ing to a National Research Council panel- 


u ixaiiuutii viwi-..-- i. - . 

NASA's chances of meeting die goal o(j”! 

launchm nwr vpnr are "imnossible or tUg® 1 / 


launches per year are "impossible or 
improbable" with four orbiters and "mstF*" 


a!" with a Hve-orbiter fleet, the panel sap- 
Furthermore, the lack of spare parts ortK- 
lays caused by unexpected repair* are nw* 
likely to limit shuttle launches tlian wul I 
ages of major units such as external taw* 


ages of major units si 
solid rocket boosters. 


auuu i ulkgl ouusiers. ... 

Four orbiters could support betw«® _ 
and 25 annual launches by about I99“« g- 
orbiters could support between 22 v» ’ 


uj Liners tuuiu support ' ;„!.(» 

cording to the Panel to Assess Const ra . . 

Space Shuttle Launch Rates, chaired Dy-^ 

linm T Unmillnn a /■OTKllItnnt to tW 0 , 


402 pp, foldout map, Illustrated. 
List price $42. ACU member 
price $29.40. 


nis new item was contributed by Peter V 
Hobbs, chairman of GALE. 


liam T. Hamilton, a consultant *° d* , j 
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Gravitational Field 
Theories Combined 


wifh n™SiT'r Vi ‘ a ‘ i ? n th ?"r h « ‘•"e bewt 
With problems for a long time. These prob- 
lems are related to the extension of the the- 

52 fP ° Ute L 8paC u C ' A11 rneasurem ents to test' 
the theory have been done on or. near earth 
hut a number of convincing theoretical argu- 
mentj have been mpde to Suggest that the 8 
tests do not adequately explain effects in 

the “ ,ar »y»^* »cen is that 

IuSSa!^- • u PP te, »e n » 7 ;fieW ^maybdre- 
quired in certain domains of outer space. 


uo. and rettred vice president - . . 
entist of the Boeing Military Airpla y- • 
NASA's plans, however, call for 24 1 ^^ 
shuttle launches per year in 1988, 8® . ■ 

and 40 in 1992. .; ' ■: 

According to the panel’s r«jU 
ment of Constraints on Space Shutp* ^ 
Rates,” the external tank, whip earn ^ 
hydrogen and oxygen fuel forme oro j. 
three main engines, is “the a nly -v ' 

ponent of the [space shuttle systeroj 
which firm planning is in place 10.*““?. 
ds of 24, 30, and 40 Rights pef J^v £ \ 
"The possibility of major da*ag e e |j.. 


ine poasiDimy or majui y-rtmelf. 

shuttle and to grbund test faalides 
glne component failures is high. ^ :. 


glne component failures is hign. 
said, because the shuttk's main Cfip - 
dude' such advanced! state-of-the-a »/: 


. .TV ' a 9ueu* Ci, 

blnS p? v ‘^, o nal thedrv, which com- • 
main theory^ with' thodifita- • ■ 
Uohsm expU^ ^ppienien^ requlre- 

-Yi\ 


dude such advanced! state-of-the-a 
Stresses on the brbiter suucture j . ; 

Closer to design limits than does a h. 
flight, for commercial dr military “ . 

Congress askecl the paneJ.to ^jT^y. - 
constraints oq.the frequency 5mu 7 >. r . 


June 21. 1983 EOS 


jions after NASA had requested that funds 
be diverted from its research and develop- 
ment budget to a new production facility for 
ihe shuttle's expendable external fuel tanks. 
NASA funded the study. 

Ice, Oceans, and 
Isotopes 

New ideas on high rates of glaciation and 
degheiation have suggested changes in cur- 
rently accepted ideas about the gladal periods 
and their causes. At the same time, new stud- 
ies are being done on deep ocean isotope 
fractionation phenomena. These phenomena 
are similar to those defining glnciai periods, 
and the new studies have raised questions 
about paleodimate analysis for the lime span 
just preceding the glaciers. 

The broad variety of explanadons for the 
glacial epochs in the northern hemisphere be- 
ginning about 15 million years ago and the 
lack of sufficient data on the epochs appear 
to be the result of low precision in correlation 
between land and ocean methods. Among the 
many correlations are factors related to the 
oxygen isotope temperature scale obtained 
from analysis of marine invertebrate speci- 
mens. 

Isotope fractionation is related to deep 
ocean temperature, which in turn is related 
to ice volume. There are radioisotope daugh- 
ter product ages associated with the fossils, so 
a scheme of geologic time, fractionation, and 
tempcrature/iee volume can be brought into 
conjunction with terrestrial glacial data and 
even with global climate trends and the astro- 
nomical events responsible for them. This 
pattern of analysis, described by C. Emiliani 
almost 30 years ago (Journal of Geology, 63, 

538, 1955) is still being widely fallowed; but 
the new data on isotope fractionation process- 
es and on paleoclimates are providing a few 
new twists in interpreting the many areas of 
the scheme that are characterized by uncer- 
tainty. 

At least one glaciation period was described 
u a "pulse" by W. F. Ruddiman and A. Mc- 
Intyre with rapid rise-times of ice accumula- 
tion ( Geological Society of America Bulletin, 93, 
1273, 1982). J. T. Andrews recently discussed 
these results as providing “strong support for 
the Milankqviich hypothesis according to 
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which northern hemisphere glaciation should 
coincide with insolation minima— periods 
when the sun is at its furthest from the earth" 
(Nature. 303, 21, 1983). Meanwhile, recent 
mathematical modeling of carbonate recrys- 
tallizaiion in the oceans byj. Killingley (JVa- 
hm, 301, 594, 1983) suggests that isotope 
fractionation observations in some preglacial 
rocks could conceivably be the result of 
chemical alteration of the sediments instead 
of the isotopic shifts being in response to 
changes in ocean water temperature. R. A. 
Kerr quotes Killingley as saying, "1 don't be- 
lieve it explains all oF the observed trends, 
but the model Is so similar, we have to be 
careful. It's a warning flag" ( Science , 220, 807, 
1983). 

Evidence for the occurrence of rapid, se- 
vere pulses in glaciation in the northern 
hemisphere is based on benthic fossil age and 
isotopic measurement, which correlate with 
insolation minima 231,000 years ago. The in- 
solation minima were on the order of -30 to 
-40 A Langleys (from 1950 values), at latitudes 
of 10°N, 65°N, and 80°N, all centered at the 
same age. These minima bisect the intergla- 
cial stage 7; thus it is called 7b. Right at sub- 
stage 7b lies a volcanic ash layer wliose 
230,000 year age is equivalent to the mini- 
mum. The only problem with this correlation, 
pointed out by Andrews, is that marine iso- 
tope state 7 is thought to be a nonglacial peri- 
od. It is noted, however, that the isotope-tem- 
perature-ice growth relation could be uncer- 
tain by ±50%. The cooling phenomena could 
be at the bottom-water level instead of at the 
glacier. 

Dating techniques of the terrestrial glario- 
logical record are not accurate enough to 
confirm the ocean-bottom data. Dating of sea 
level fluctuations could, perhaps, confirm the 
volumes of ice needed to support rapid glaci- 
ation pulses. Apparently, the suggestion is 
there, but the complexity of the fluctuation' 
and the required rapidity or the glaciation 
have caused difficulties. The ice-growth 


events are not yet correlated with sea level 
changes. 

■pie problems of dissolution and recrystalli- 
zation of benthic forms before consolidation 
of the sediments in the deep oceans — which 
would affect isotope fractionation — are prob- 
ably restricted to much older rocks than 
would be relevant to the glacial epochs. The 
isotope data in question are used to truce the 
record of the climate in Lhe lime interval 85- 
15 million years ago. The techniques or inter- 
preting isotope data as being an indication of 
climate changes could be complicated by al- 
teration of the sediments if isotopes are ex- 
changed with seawater. Killingley's simulated 
recrysiallization processes can produce iso- 
tope effects of proportions similar to those 
observed. The problem of recognizing the 
degree of alteration in specimens, though, 
may not be real.— PAIR 


Polar News 


Cores of ocean-bottom sediments and other 
geological samples collected near and in Ant- 
arctica are available for studv by qualified sci- 
entists, according to the National Science 
Foundation (NSF). Available are 12,990 ni of 
piston, trigger, and phlcgcr cores from lhe 
southern oceans; 4,200 kg or grabbed, 
trawled, and dredged rock specimens from 
600 ship stations; and 1,150 m of drilled 
cores from the ice-free valleys of southern 
Victoria Land. Most specimens were obtained 
in the last 2 1 years. 

Scientists need not have an NSF gram to 
obtain samples, but proposals for grant sup- 
port of such studies will be considered by 
NSF's U.S. Antarctic Research program. For 
additional information, conlncl Dennis Cas- 
sidy, Curator, Antarctic Marine Geology Re- 
search Facility and Core Library, Department 
of Geology, Florida State University. Talla- 
hassee, FL 32306 (telephone: 904-644-2 IU7). 

The list of die 161 research projects sup 
ported by NSF in fiscal 1982 at the other pole 
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Analyzing Natural 
Systems: Analysis for 
Regional Residuals — 
Environmental Quality 
Management 

D. J. Basra and B. T. Bower (Eds.). Resources 
for the Future. Washingion, D. C.. xv + 346 
pp.. 1982. 

Reviewed by Peter P. Rogers 

A colleague who is the head of a water 
planning agency in a large neighboring coun- 
ty and who was under some pressure to use 
the types of models discussed in this book 
told me, "You can either guess the input to 
the models or you can guess the results. As 
an engineer with long experience with the 
water systems that I manage I would rather 
guess the results because 1 have a feel for 
what is likely. If I use the models based upon 
very imperfect data my experience b com- 
pletely ignored, and who know what the re- 
sults really mean." 

Basta, Bower, and tlieir coauthors have 
done au excellent job in summarizing the 
state of the art of the models available for an- 
alyzing natural systems with an eye to envi- 
ronmental quality management. What a sorry 
tale they tell. In die terrestrial, the aquatic, 
and die atmospheric environment the mes- 
sage b the same; the mathematical formula- 
tions have run ahead of the conceptual un- 
derstanding of the underlying processes and 
the measurement of data on these processes. 

How this situation has come about is in it- 
self an interesting story and one that should 
be explored more fully. What were the sden- 
tlfic underpinnings of the National Environ- 
mental Protection Act that allowed it to de- 
mand scientific analyses that were not possi- 
ble at that time, or maybe never possible? 

Why did the scientific, community not refuse 
to collaborate with requests that were patently 
impossible? The legal or the administrative 
requirement to carry out modeling studies 
did, however, seduce many engineers and sci- 
entists, this reviewer included, to try to do 
the best they could under the situation. In 
retrospect, thb was a great error because we 
have allowed air and surface water models to 
be adopted and be required fin some casesi 
models are even mentioned by name in the 
Federal Register), without regard to measuring 
the ambient environment before predicting' 
effects of man-induced impacts. The engi- 
neering and tlie scientific communiiy are ex : 
pected to perform anilyses and prediction. , 
without a prbper scientific base, . 

The book tbai b the subject of this review 
is a Research' Paper from Resources for the 
Future (RFF). Research Papers are studies 
and conference papers made available by . • 
RFF from the author's typescripts and are in- 
tended to achieve rapid diteemlnaiibn of the 
work for wide review and comiheril, It may ; • 
be unfair io comment upon thcf.apeedlness of 
the reporL prodpcrion, but no work later than 


1978 is seriously discussed in die bm»k. 

This book represents a serious aliempi by u 
group of seven leading practitioners to pre- 
sent ihe state of lhe an of die models for en- 
vironmental quality management ill natural 


systems. This is a very ambitious task for one 
volume. A major problem is defining Lhe au- 
dience. According to ihe preface 


\hepnuuis und'icmr lot Oicvnbmic 
consists of staff members of governmental 
agencies, enterprises, and consulting 
firms, the individuals who actually make 
the analyses io develop strategies for 
achieving and maintaining ambient envi- 
ronmental quality. The audience is a var- 
ied one, ranging from generalist planners 
with little or no mathematical skills to biol- 
ogists, ecologists, environmental and sani- 
tary engineers, computer programed, 
chemists, economists, political scientists, 
sociologists, to experienced natural sys- 
tems modelers. Another component of 
thb audience b composed of students and 
teachers concerned, in one way or anoth- 
er, with assessing the impacts of public 
and private decisions on natural systems. 

Such an audience cannot be addressed suc- 
cessfully in one volume. Only an expert can 
appreciate the comments given on the appli- 
cability of the modeb; however, an expert 
would already know these points, and then 
the treatment b superfluous. The major po- 
tential use of the book will be to educate the 
experts in the areas of terrestrial, aquatic, 
and atmospheric assessment about me kinds 
of models available. Groundwater modeb, 
however, are not included. It could also serve 
as a useful reader in upper level undergradu- 
ate courses in environmental sciences, provid- 
ed the instructor is able to provide evaluative 
material. 

After a general and jargon-laden introduc- 
tion (chapter I) by Bower and Basta about 
modeling philosophy; the book moves to a 
second introduction (chapter 2) by Basta and 
Moreau, this time about natural systems mod- 
els. The "new-speak" continues, NSM’s, 
REQM's, and AEQ’a abound in lids chapter. 

While the section "Calibration and Verifica- 
tion" seems to say the right things in the right 
order, the authors do not appear to be undu- 
ly concerned when they report on the typical 
lack of verification arid validation natural sys- 
tems modeb receive. WhatThe authors report 
at thb' point should have led them to con- 
clude, and print in block capitals In Tedj 
'These models do. not predict actual likely oc- 
currences of ambient concentrations. It Is 
hazardous to Use them directly for practical 
applications or poljcy'.dedsions.”.Al this - 
point, the reader gets the impression that the 
Titanic sank, arid nobody noticed, least of all 
the authors,. who continue to raw quietly for 
the other side of the Atlantic. . 1 ; - : ’ . 

The thiid chapter is a review of models for 
residual. generation and discharge from ur- 
ban and nonurban land surfaces by Huber , . 
and Heany, who. reviewed the literature and 
reported 73 models known to have been used 
in this area of environmental modeling. From 

these 73 they chose 14 models for detailed 


analysis. The chapter is well written, and ilic 
material is easy to follow. Again, howcvei, ihe 
chapter is weak on evaluation. A complex 
matrix listing of available models is given 
which is supposed io help ihe reader choose 
which model to use. However, guidance on 
model selection in given situations anil ex- 
pected reliability would have been a welcome 
addition. 

In chapter 4. Hinson and Basra give an ex- 
haustive review of the "surface receiving wa- 
ter bodies" models. They review 27 models 
from the literature and use a matrix format 
similar to Huber and Heany for aiding in the 
selection of a model. However, after reading 
this chapter, one is left with no impression as 
to how well the different models actually 
mimic reality. 

The last chapter, by Muscheu on air pollu- 
tion modeling, is extremely well written and 
quite sophistical ed in its treatment. Muscheu 
lists 97 models and claims that there are 33 
operational ones. He dbcusses the accuracy 
of some of the model parameters, and later 
he discusses the accuracy of the models them- 
selves. 

The book would have been improved by a 
final chapter proriding an evaluation of the 
slate of the art of environmental modeling. 

In the reviewer's opinion it should have con- 
cluded that the “emperor has no dothes." 

The scientific community and Lhe community 
of environmental regulators in government 
sorely need to be told the truth about models 
and the current lack of scientific certainty. It 
is dbturbing that the trend toward premature 
promotion of modeling studies by environ- 
mental regulators — most recently for protect- 
ing groundwater resources — continues. 

The greatest weakness of the book. is the 
authors' unwillingness, or re] iterance, to give 
strong evaluations or the models. Indeed, the 
only time they appear to be less than enthusi- 
astic about models is when the models are of 
tlte simplest “black-box" variety, which re- 
quire few data and give broad brush answers. 
These, in the eyes of the author?, should be 
avoided because they do not provide ade- 
quate description of the system. Yet. the 
more complex models in most coses only de- 
scribe small parts of the problem in great de- 
tail. (If there are over 76 reactions in the pro- 
duction of photochemical smog, how dp we 
know that a model that makes detailed repre- 
sentation of 19 reactions Is better titan a 
model that lumps diem all together?).' 

In the eqd w< model what we can model, 
and we cannot always model what .'needs to be 
modeled. Hence, the ’voluhie omits long- 
range transport of air pollutants, tlte arid 
rain phenomenon, and also omits the trans- 
port of chemicals through groundwater. - 
These are examples of pressing environmen- 
tal issues that the authors have npt addressed. 
Yet, models that describe die transport of 
coniaminariU through groundwater systems 
do cxlstl But they too suffer frori) all the limi- 
tations common lb ihe models discussed in 
the BasU and Bower bboki: 

, . Peter P- Rogers is, with Harvard University, 

■ Cambridge, MA 02138. .- 
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RATES PER LINE 


Pajilioas Wanted lirai insert inn $1.75, addition- 
al insertions $1.50. 

Positions Available, Services, Supplies, Courses, 
and Announcements: first insertion $3.50, ,id- 
ditional internum $2.75. 

Student Opportunities: first insertion free, addi- 
tional insertions 51.50. 


There are no dixounts or commissions on 


classified ads. Any Lypc style that is not publish- 
er's choice is charged fur at general advertising 
rates. Eos Is published weekly on Tuesday. Ads 


must be received in writing on Monday. 1 week 
prior to the date of publication - 

Replies to ads with box numlrcrs should be 
addressed to Box — , American Geophysical 
Union, 3000 Florida Avenue. N.W.. Washing- 
ton, D. C. 20009. 

For further information, call toll free M60- 
424-2486 or, In the Washington, D. C„ area, 
462-6903. 


POSITIONS AYAH .ABLE 


Atmospheric Modeler/Pragrammer. Atmospheric 
and Environmental Research, Inc. has a staff posl- 
lian opening un a project to enhance the asrirtiila- 
Uon and forecast capabilities or an NWP spectral 
model hy maxi miring the model’s use or satellite 
data, rhe position is fur a recent PhD or experi- 
enced MS in meteorology or related field with an 
Mllve interest in global numerical weather predic- 
tion. Wo are especially intcrcsie J in individuals with 


Florida International Univenlty/Faculty Positions 
in Geology. The Earth Sciences program at Flori- 
da International University is expanding and plans 
la increase the number of its facility positions in the 
next few years. In order to complement existing in- 
structional and research strengths, the university in- 
vites applications for tenure track positions at the 
assistant professor level in the following areas of 
specialisation. 

1. Straiigraphy/Sedimcntology 

2. Gcophysirs/Marine Geology 

3. Igneous Pei rology/Geoch em isl ry/Econn ni ic 
Geology 

Successful applicants must Itave demonstrated an 
ability to conduct high-quality teaching and the po- 
tential to establish a productive research program in 
llieir area of specialty. 

Subject to final approval of funding, appoint- 
ments will begin in August 1983 (deadline for appli- 
cation July 30. 1983) a nd/or January 1984 (deadline 
for application November 15, 1983). 

Sena a resume, brief description of teaching and 
research Interests, transcripts and three letters of 
recommendation to: 

Dr. L. Keller 

Department of Physical Sciences 
Florida International University 
Tamiami Trail, Miami, Florida 33199 

Florida International University is a member uf 
the Florida State University system and an affirma- 
tive action/cqual opportunity employer. 


Arvorrae National Laboretoiy/Chemlitry Division. 

An immediate postdoctoral position is available 
for atmospheric chemistry studies based on mass 


spcctrometric analysis of the stable isotopic comp 
uon of atmospheric trace gases. Problems include 


expertise in one or more of the following areas: 
normal mode mil la lira lion, optimal interpolation, 
druid parameterization and forecasting, boundary 


r - — IVIUMIIIIU! IIIIUIIII4IY 

layer processes, (omiputer proficiency is a must — 
experience with Harris nmtor GRAY lurdwarc is 


Research Sclentlsf/Space Plasma Physics, Unlversi- 

K of Iowa. A research position is available in the 
iparimcnt of Physics and Astronomy, The Univer- 
sity or Iowa, for theoretical and interpretative stud- 
ies of waves in space plasmas. Specific emphasis is 
on theoretical investigations of wave -particle Inlerac- 
1 . "J ‘"P lanelar y magnetospheres and in the solar 
wind. These investigations are to support the imer- 
prcjation of data being obtained from spacecraft 

nminrli inrn in rv,,n n ..il M t ■ _i ■ 


desirable. St lint tinting, ucadeinic-nylc research envi- 
nHiment. Please scikT resume and names «F refer- 
ences la: Ilr. loans Kaplan. Principal Scientist. At- 
moiplierk and Environmental Research, Inc., 840 
aiwdToS?™' MA 02139, Telephone 


projKls such as Dynamics Explorer. International 
Sun Earth Explorer and Voyager. The applicant 
must have a Pli.D. with good qualifications in plas- 
ma physics theory and sltoud nave some experience 
mthemterpretatton of space plasma physics data. 


Hydrogeologlst. (kin verse Consultants is seeking 
a sialF or project level hydrogen login for investiga- 
tions involving groundwater quality and supply, 
rftuic disposal* .mineral and energy dcvclnpmeni 


j. 0 ■ ijumiki caaiu iui 

wosie disposal, mineral and energy deveIopt.. C iu 
and geotechnical projects. Las Vegas-based, will 
sene primarily in the southwestern U.S. Opuoriuni- 
tj fur interaction with an expanding staff nr profes- 
sionals in six regiunal offices. Excellent salary and 


c . "I « puunio 

send a resume and the names of three references 
tariubar with the applicant's work to: D.A. Gunicil, 
Department or Physics and Astronomy, The Univer- 

353-3527'™' l ° Wa Cily ' IOWa 5a2 ' ,a ’ tc,e P hone 319 - 
The University of Iowa is an affirmative action/ 
equal opportunity employer. 


sionals in six regiunal offices. Excellent salary and 
advancement poicniial- 

Minimum requirements arr an advanced degree 
in geology plus two to live years experience involv- 
mg such areas as aquifer testing and modeling, well 
and well field design, quantitative evaluation of 
groundwater flow, contractor supervision. Good 
communication skills arc essential. Additional train- 


Metcorojogl st :Lead Sclenliat/Manager. To lead a 
group of meteorologists and programmers working 
on a variety of tasks related to meteorological inacf 
cbng for weather forecasting, satellite data assimila- 
tion methods and mescdcale meteorology. 


Ph.D. in nictcorofogy, experience in assimilation/ 
objective analysis, weather forecasting models, and 
rclalcd comoulcr Dnummiriinff/minuini-il tm-h 


. “"V fcjaMiuaii /YUUIIIUIMf i ram- 

ing or experience m geophysics anil hvdrolQin is 
dcurable. Contact Dr. Robert F. Kaurfnann. Princi- 
pal Geologist. Convene Consultants, Inc., 4055 S. 
Spencer Street. Suile 120, Las Vegas. NV 89109 


f , , v ■ iiiwsvias niut 

related cumputcr program in ingfounierica I tech- 
niques required. Vcctur-computcr and supervisory 
experience deniable. 

Please send resume to: K.F. Klcnk. Svsiems and 
Apjdicd Sciences Corporation. 5809 Annapolis 


Research Positions for Mathematical 
Physicists. Applications are inrited for several re- 
search positions ai the Center for .Studies of Nonlin- 
^ J 0 ** 3 . Institute, beginning summer 
IU83. Current research involves work on nonlinear 
wave-wave interactions, acoustic, optical, and radio 
wave propagation In random media, and fluctuation 
phenomena in the statistical mechanics of chemical 
and geophysical systems. Physicists and applied 
mathematirians who are interested in working on 
problems of the above type should send resumes 

anri omnivA raw*- > ■ ■ 


G99 395^ tUVille ‘ Maryland 2 * )78 ‘ l1 OT call (301) 


699-3954. 

An equal opponuniiv employer. 


, sihiuiu aniu icaumn 

ami arrange for three letters of recoin mendadon to 
be sent to Dr. Stanley Flatte, Director, CSND, La 
folia Institute, 8950 Villa U JoUa Drive. Suite 2150. 
La Jolla, California 92037. 

La Jolla Institute Is an equal opportunity/affinmiive 
acuon employer. 


appocauons iot a tacutiy position in hydrology whh 
a specially m ground-water chemistry. Candidates 
must have training and/or professional experience 
in hydrogeology and must have demonstrated abili- 

tiF< in lhi« nmniirsiii-a «*■ A r>i» t ■ . 


University of Colorado, Boulder, Geocliemist Poil- 
Uon. Geochemist with active research program, 
statue isotopes, radioactive isciopes. and/or trace ele- 
ments is being sought for ajoim appointment in the 
Department of Geological Sciences and the Cooper- 
ative Institute for Research in Environmental Sci- 
ences (Cl RES) of the University of Colorado 

The one-half time position within the Department 
ol Geological Sciences is tenure track at the assistant 
,evel wilh a parting salary of 
$12,000— $15,000 for the academic year? 

Teaching load will be half that orfiill-time facul- 
ty. The position witiiin CIRES will be as a Fellow 
wnh appropriate office and laboratory space. One- 
half academic year salary- will be guaranteed by 
LIRES for two years at the departmental rate, after 
which incumbent must generate his/her CIRES sala- 
ry l ram external sources. Incumbent may augment 
sabry further by generating three months olsum- 
mer salary from contracts and grams, and coruuli- 


- r ,a or, T ------ 4UUJ- 

ties in Ihe quantitative aspects or the topic. Appoint- 
inent will be at ihe level or an assistant or associate 
professor. Interested individuals should obtain fur- 
ihrr information from: 

Professor Stanley N. Davis 
Chairman, Search Committee 
Department of Hydrology and Water Resaurecs 
Univcraity of Arizona 
Tucson, Arizona 85721 
. 602-621-3131. 

. Th e University of Arizona is an affirmative ac- 
tKHvequal opportunity employer. 


‘prikana with expcnence, publications, and/or 
St,r ! K r j carch ^“ipment preferred, 
taping date would be January I. 1984. 


rreicrred starting date would be January I. 1984. 
Oonngdaie Tor applptions ts October 1, 1983. 
JSrh nT | hoiJd lnclud f of research 


_ T I “ ,uuc siaiemcni oi researc 

fotS|| !n r S«" P ' ri ' n "' a r “" aml 


Tkn .r rv.i . 
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Colorado is an equal opportu- 
nltv/alfirmauve action, Section 51)4 employer. 


Visiting Research Scientist 
Radio Emission Processes 


Ih^DetwImenr^ Phl^ **5 a^" 9 r6Search sclenHst V 05 '*™ *n 

PhySlCS 3nd Astronom ^ The University of Iowa, 

* S I ? e " dGd , t0 su PP° rt a multidisciplinary study of 

the NASA InnoJ^Hw astrophy ® ical radio emission processes funded by 
Ph n^ ^ research program. Applicants must have a 

and^xMriPn 90 ^ ^u 0retlCa ^^round In basic plasma physics 
tern S i" ^ 0r ® xperimental or theoretical studies of ^pline- 

WtabSd lten^ rad, ° f ml8si0ns - 0ur *" tentIon is to fevor 
established scientists with research experience In this area, althouah 

ered*" The t" approprlatc bacl! 8f0und will also be consFd- 

a^inZ. . ^ ^ ' , be commensurate with the experience level. The 
fo P r b ® ° r ! ny Peri f d “I 10 one yearrwlth a posslblttty 

B ““nd year, depending on funding constraints. ■ 

. Send curriculum vitae arid a list of three references to: 

D. A. Gumett 

Department °f Physic* and Astronomy 
: ' The University of Iqws : • 

*owa City, loviB S2242 

- ■ T«l«l>hone 319/353-3527^ , • 

einptoi^" 1 "*"* 1 ' ° /foUW b ?n p ® , ' H,afll ' e ocrioh/eguof opportunltp 


EOS the weekly newspaper 
that puts your ad on target 


ic uh tree radical concentrations using stable iso- 
tope tracers. Experimental techniques involve prep 
araiion ofjgas samples derived from irncc gases 
using earner gas train systems wilh cryogenic and 
chemical separation methods and precision mass 


iromeiric analysis. Send resume to: Mr. Waller 
: nJI, Personnel Division, Dox D-GHM-80. Ar- 


gonne National Laboratory, 9700 South Gas* Ave- 
nue. Argonne, Illinois 60439. 

An equal opporiuniiy employer. 



Sriontists/Phyalclsts/Englneersi Science Systems 
and Applications, Ioc. (SSAI). Science System 


| X 


of physics lo carry out numerical analysis, modeling, 
simulations, processing and analysis satellite ob- 
served geophysical parameters. We arc looking for 
people wilh atmospheric sciences/meieonilogy/solar 
physlcs/astronomy/applicd optics and computer sci- 
ences background. A strong background in working 


with FORTRAN language and large scale computer 
is required. Please send your resume with refer- 
ences to: 

Science Systems and Applications, Inc.. 10210 
Greenbeh Road, Suite 640, Seabronk, MD 20706. 


Temporary Faculty PoaiUon/UCLA, The Depart- 
ment of Earth ana Space Sciences, UCLA, seeks ap- 
plications For a temporary faculty position in the 
area of scdimentology, basin analysis, stratigraphy, 
and regional geology. 

A Ph.D. or equivalent is required. There Is no re- 
striction as lo the level. Duties trill include under- 
graduate and graduate teaching, supervision of the- 
ses and dissertations, and development of a research 
program in the area of specialization. Field-based 
experience will be taken into consideration. The ap- 
pointment will begin July 1, 1983, will be rull-titnc- 
mne-monih, and will be renewable vcar-io-year. 

The department hopes to convert Lhis position in 
1984 or later, but has no assurance thereof. .Send 


Advertise In E08— the proven way 
to get your message across to 
these specially targeted audiences. 

For rates, Information, or to place 
your ad. call: 

Robin Little 

Advertising Coordinator 
800-424-2488 or 482-6903 (Eoosl) 
... and hit the bull’s-eye with 
your messagel gj 


resume to: 

Chairman 

Department of Earth and Space Sciences 
University of California 
405 Hilgard Avenue 
Los Angeles, CA 90024. 

UCLA is an affirmative action equal opporiimiiv 
employer. 


Opportunities For Graduate Studies In the Atmo- 
spheric Sciences at the Georgia Institute of Tech- 
FO'PR* , 0 P«tings are available for outstanding 
individuals seeking an M.S. or Pli.D. degree in 

tmzl 1 1 a I A (liiffias Its l1,n •- 


gradiiBie studies in ilic atmospheric sciences. For 
successful applicants, these positions include 1/2- 

mrarrk nnist>in<akm. .. __i .. ■ 
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lime research ossistanlships with starting salaries 
ranging from $7,000 to $12,000/12 montlis, dc- 


O.. D . a BBIUIIIIl), UW 

pending uri ihc degree being sougliL and the stu- 
dent s qualifications. All tuition and fees are also 
covered by the institute. 


covered by the institute. 

The Atmospheric Sciences Program at Georgia 
Tech is part of the School oi Geophysical Sciences 
and ts uniquely structured academically in thin ma- 
jor emphasis Is given to three areas or aimoiuhcric 
raences, namely. Dynamic Meteorology, Physical 
Meteorology, and Atmospheric Chemistry. Major 
research effons in which students arc currently in- 
volved mc|ude studies in wind and solar powet , cli- 
mate modification, air pollution, uses or imelHic me- 
teorology. measurements of aerosols In the at mu- 

mhPrp mivln inn 


I a/’ i , ill nil- ailim* 

sphere, modeling of planetary circulations, 
mesoscale and boundary layer dynamics, develop- 
ment □ laser instrument a lion for die detection of 


Postdoctoral Fallowshlp/Unlverslly of Alberti, i 

i tosuUir total fdlimshipls available at auljryol 
ilU.OlMi per annum, ‘rise imsitinn is primirffr to m- 
vcsiig.iic lltc preparation and riuracieriniitmM 
suit able iniuerals for the ilis]tusul of 1-129 nuclear 
waste. A background in gcixltcinisiry. minmiop 
or iietmlngy is essential. . 

Please cnnlaci: l)r. G.M. Scttrfc, Dcpariroept ut 
Geo log)', Lhiiveisitv of Alberta. Edmonton, CanMJ 
TflCi 2K3, (-105-132-2740) as suon as pmiibK- 


- UIC UUL\ll(m I>1 

atmospheric aerosols and gases, global airborne 
measurements of atmospheric trace gases, photo- 
chemical and gas kinetic studies of niiiiosulici ie 
transformations, studies of biogcochemical cycles, 
and one-, two- and three-dimensional chemical and 
dynamic modeling of the troposhcrc ami strato- 
sphere. 

Students interested in being involved in these or 
other exciting Atmospheric Sciences projects at 
Georgia Tech should write for Information to: 

Dr. Douglas I). Davis 
School of Geophysical Sciences 
Georgia Institute of Technology 
Atlanta, GA 30332. 


Associate Marine Scientist. Responsible for 


liccrlng development, operation and malmcnJiw 
ol sophist icatcd underwater acoustic, electrons, 


lows State University of Science and Technology 
Department of Earth Sciences/Raaearcb Associate) 
Electron Microprobe. Tlic Department of Earth 
Sciences Invites appllcadons fora Research Asso- 
nate position as an electron microprobe specialist 


<»l sophist icatcd under water acoustic, el«irrailr, 
navigational and computer hardware med In map- 
ping i lie sc, i floor, 'ntrcc montlis per ycarai w 
with c<[iii|)iiicnt. Thorough working knowlcdgroi 
clean Ulna and nimutlcs required. Computer^ 
rieiue prcfcrrerl. Hiichelor's (or higher) 
science or ciiglncerhig. wilh )2 or more yean 
rience in developmetit, rqicralion and nunaiflW 1 * 
of scieniific or enalnceiing programs, as wcB « , 
expet ictice ns riilef scientist or program cngUK" 
rcswuch cutises. Siilinilt resume to; R. 
date Marine .Scientist Position, UNIVERSrn Of 
RHODE 1-Sl^kND, P.O. Ik»x 357, Kingston, Rh® 
Island 028KI. 

An affirmatirc uctiun/ciiunl opportunity emp^r 
nt/f. 


Meleorologfsl/Stale Univenity of New Yorkri 
wogo. The Dcpnrtmcnl of Earth Sclcmej w 
opening Tor a Icavc-of-absence replacemem iw 
acadennc year 1983-84 on the meteorology 
Candidate will lie expected to teach imroaunorr 
meteorology to n general education popuisntw 


3S53K M don - Sa,Br >' wiU be 

Primary duties are the operation and maintc- 

;:3ins wi1 !? w “ 


,_. E nc 7“.. lul «u|iruBC Wlin >VU5 

and EDS capabilities and the supervision or associat- 
ed laboratory fadlittes. Additional duties Include the 
af I rcsearch Personnel in instrument op- 
* °RP“ rluni ^« for conducting 
collaborative and Independent research involving 
the micros nalyals of geological materials. S 
Applicants should have a M.S. degree in a science 
or engineering field, or equivalent experience, an ” 
et *?f ron , heara hutrumentation. 
ED^ruJTronf, knowledge of WDS and 

m i l ” ■ the accompanying computer 


to be prepared to teach courses (such 28 

S to our I1.S./B.A, meteorology student* ta*" 
c should possess a Ph.D. or snow mwnceiv" 


Sliouio possess a rn.u. UI ai.w- — — - - 

ward Ph.D. completion. Send resume and arTfflif 
for direc letters of recommendation to j*. 

I on ■ non ™ i TUm.i Tha nMCi ^ 


June 30, 1983 to: David J. Thomas, Chalrmm. _ 

E rtment of Earth Sciences, Stale UntvertiLy 
je, Oswego, New York 13126. 

An equal opportunity employer. 


ARS Research Associate 


pfawUI bep^rSapp]i^T ,,,g 8e0 ‘ 08,Ca, ■ m - 
Application deadline lijuly 3 1, 1983. Later aDDli- 

«pi« or 


. — “““S luul| u aim interests, comes or 

C^iTC 8 ^^ l ,o^ ,, referen “’- 

Bert E. Nordlie 
Department or Earth Sciences 
Iowa Slate Univenity 
263 Science I 
Ames, Iowa 5001 1 • 

irSSfi 1 ;, 1 ;. 1 " <q, ‘* 1 °pp° r,uni '>" af - 


SSEffJ-i- ia i >elro logy/North- 

Mmfent prqjccu. Experience with probe, XRF * 

can- 





. Tom' " u,,uh h oaxe wilt be August or 
v 98 ?’ depending on availability or can- 
^.te. Application deadline Js'luly IB 1983 si. > 
^ ttntiriw urtil pdsrtion h fiSed. 
M™ 6 and names ofthr^W ? re«7o: Pro- i 
Acting Chair. Iteriartmani 




Hydraulic Engineer, GS-810-11 or t2,^ - 
the USDA Sedimentation Labora^W- 
ford, Mississippi. Incumbent wH dsvjW . 
computer methods for mathemaBcany wr 
ulatlng runoff and sediment : 

Intensively cropped agricultural lano 0 . 
study sediment losses from cw^ and 
Ing a range of typical aoH, croppW®;;!'.? 
topographic conditions at different rein- ^ 
storm Intensities and durations, uafnflkJT;- 
able experimental flak! data on erwjj 1 '. . 
runoff, and sediment size distribution 
Must have axpertlae In hydraulics 
flow, sediment transport by water, 
oomputer programming.. This' Is a wm ... 

polntment not to exceed 2 years. 
($26,959-$29,374 per annum) 
qualifications and experience. TnB ■ - 
Federal CMI Service pos|tton. 
must be U,S. citizens. For 
endures, contact Venpssa M4tm«wi, 
USDA, ARS, SRAO, HE-1, PA 
53a2fl Naw nriflitna. LA 70163. , »»; 




53328, New Orleans, LA 70163. Tel 
phone: (604) 689-431 6., ; 

Equal . Opportunity r Employ# 1 ■ 




Faculty Position in Marine Geology/Unirenllrtf 
Maryland, Center for Environmental and Erteula 
Studies (UMGEES). Horn Point Environmental 
Laboratories of U MG EES invites application! fori 
tenure track research faculty position (rankotxnl 
for a marine geologist. The succeisful candidaevil 
join a growing physir.il/gcological oceanography 
program, so applk.inis wilh n wide range of intn- 
cste wifi Ik considered. O]i|iorluniues exist fwim«r- , 
disciplinaiv research with biological and chcraial 
oceanography programs. Although some prefeinw 
will lie given lo candidates with interests in esnu- 
riitc and continental shell scdinientological prom- 
es, the primal y criterion for sdeclion is the abifii) u 
develop a strong research program. Thr dosing 
tlaie for applir.uiom is August 1. 1983. Curriculum 
rilae. descnuiiijn of rcscarcli imcrcsis and list of 
rcfeieuces should lie scut to: 

Dr. I ,;u i y G. Ward 
Gh.iiriiiun, Seal eh Gmnmitiec 
UMGKES 

Horn Fuiiil Fnviioninental Labomiorics 
!*.(). Box 775 

G;iii ilit iilgc, Maryland 21613. 

The UuiviTsity of M.iiyl.iuil is an affimiaiiie at- 
tioii/eqiial tqqniiiiiniiy employer. < 
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rk.lnBSD-D«I»rt |1,e, “ rf Geological Science#, 
wjflit Slate University. The Department of Geo- 
uIS Science*, invites applications fur the position 
Knnan, to be appointed September 1964. We 
a*i a dynamic Individual with administrative talent 
3n appreciation for research and practicc-rclat- 
!7edu(adonal activities. Rank Is at the .full profcs- 
w lew! and no restrictions have been placed on ar- 
~ of specialization. The department is active with 
if racuny and an cniphasis on professional practice, 
yfl maintaining a firm commitment to basic re- 

^Soid a letter of application, curriculum vitae and 
main of *hree references to: 

Chairman, Search Committee 
Department of Geological Sciences 
Wright State University 
Dayton, OH 45435. 

Wright State University is an affirmative action/ 
Mual opportunity employer. Closing date Tor the 
MidonTOclober 31, 1983. 


gciurch Professor lo Marine Geoicience/Unlver- 
ilty of Rhode Island. The Graduate School of 
Ckeaoography invites applications for a research 
pfofojonhip in Marine Geoscience whose salary 
md rank are negotiable. Preference will be given to 
ondidaiu who Have dearly demonstrated abilities 
md liUemL in, but noL necessarily limited lo palro- 


hculty rights in addition to otner ucncins. i he p- 
linaiignrtir facility at GSO is ftilly equipped, fully 
cipfniional and orienLcd towards rapid me3surc- 
nirat of large numbers of soft sedlmemary samples. 
Appficalions are now open for the position which 
hffl become available about January 1, 1984. 

Send letters of application, resume, and names 
md addresses of three professional references to: 
Roger L. Larson, Graduate School of Oceanogra- 
phy, Univenity of Rhode Island, Narraganselt, 

Rhode Island 62882. 

An affirmative acilon/equal opporiuniiy employer 

m/r. 

Physical Oceanography/University oF Rhode Is- 
liiid. A postdoctoral research associate position is 
arailabk starting October I, 1983 for studies of 
tropical processes in the Pacific. The research in- 
tohes the collection and analysis of data relating to 
the dynamic topography and zonal pressure gradi- 
enis of the equatorial current systems as pan of a 
long-term study or ocean influences on ruinate. 
Submit resume and professional references bv Au- 
gust 15, 1983 la: Dr. D. Randolph Watts, Marine 
Rncarch Associate II Position, UNIVERSITY OF 
RHODE ISLAND, P.O. Box 357. Kingston, Rhode 
blind 02881. 

An affirmative action/cqual opportunity employer 
m/f. 

University of Washlngton/CHmate Dynamics Posi- 
tion. Possible opening for meteorologist with 
strong background in large scale dynamics and 
experience in use of dynamical models for long 
range prediction or climate simulation!. Three quar- 
ter lime research faculty (funded by research 
grams), one quarter time academic* lauiltv (stale 
funded). The successful candidate will lead ,i rc- 
mrch projeci designed to explore the feasibility ol 
dynamically based long-range worn her prediction on 
urnr-icales of weeks to seasons. The project will lie 
dnelopcd in collaboration with faculty members in 
thf Department of Atmospheric Sciences. The posi- 
tion will involve a proportionate share of responsi- 


bly for leaching and supervising graduate sm- 
druuin the Atmospheric Sciences, run her infor- 
muon may be obtained by contacting the head of 
lit search committee, Professor J.R. Holton, Tcle- 
phonc (206) 543-4010. 

« Applicants should send vita, description nf re- 

nrchand teaching interests, and names ol four 
nferenees to: 

Profenor Joint M. Wallace, G hair in hi i 
Department of Atmospheric Sciences A K— HI 
University of Washingtrni 
n ... Seattle, Washington 98195 
Deadline for applications Is July SI, 1983. 
jne : University of Washingian is an ailirmative 
Mion/equal opportunity employer. 

^“ioe Research Aaaodate II. Analyze ami inter- 
Kne * vertical acoustic travel time and 
presiurc. Prepare progress reports nnd sci- 
nuttc maniucnpis on these results. Assisi in plan- 
exwnrnents and participate in scientific 
Z~y- ™.D. in physical oceanography plus experi- 
zndi«." m P ul S r Prograniming with umes scries 
2^ £ n V n FORTRAN. Submit application Bnd 
^wbfAugusL 15. 1983. to: Dr. D.R. Watts, Ma- 
Rhfv^T*? j Associate 1 1 Position, University of 

Rifr 1, po * Bo>1 357 ‘ Kin ff“ on ' RI,ode ,J - 

jJl' ^nnative action/cqual opportunity employer 

^'o^l PosUIon/Naval Postgraduate School. 
u«ialrt Cea i n ^ Ur bulcnce Laboratory has available a 
j P wilion l« a person interested in the 
tL*. 'nierpretation of <xcanic turbulence 
. e “" u « “ for one to two years. The suc- 
should have a Ph.D. In physical 
lenre ai ^ although experience willi turbu- 

Ponu^Ifr ll is not essential. The op- 

“n* is io^ibk. menl ^ d “ U gathcring CXpedi ' 

1* sent to Dr. R.G. Lueck, Code 
SS 91 q_ ™ ^graduate School, Monicrey, CA 

Ployw.^ 11 ** ^PP ort 11 ^^/Affirmative Action Em- 

^SfitD C ? ltl , 0,1 i? Atmospheric Chemistry 
ogy. 0 - °°^ , P^yrics/GeorglB Institute of Teehnol- 
scientists interested in the de- 
C7 ,nH rihL- eo ^ eL k a * models to study the chem- 
precipitation are Invited to ap- 
of Technology. 

* one-tuf, 7,1* * 18,000/ycar; period of appointment 


“One-Uvo l 8’000/ycar; period of appointment 
uainD-Q. irtlV Applicants should send «ta and 
t*o refermLT 6 *”™ 1 interests and the names of 
Sdiad ofrEL 1 u : , Pn ? fe w>r W.L. Chameldes, 

T^l^“|Mr,lly/Gfmdu,te Fkault, Position, 
fpplicatlom for n 0 / of GcQl °gy/Geography invites 
toy u ra-i „ r r “ tenure-track posifion in geochem- 
gbinina Auoiw. 3 ^? 111 0r a *“ciate professor be- 
Q f Position involves development 

“red ipedin,?,^ , program at Master’s level. De- 
'hemiury Includes environmental geo- 

lernf O^bronOloiTV. ivunn, nmlnn. SonH Ul. 


£5 l}<} Ry/G«i 1 .^r2 Jwiwarlanan, Department of 
jU^T'oeography, Howard University^ D.C. 

Opportunities ■ 

tssrste 

are field geology/ 
■ptoh remo^;„ e ■ “Til ant l meteorology/nydrOio- 
Spends ar^ 


jSljU writ Potential stude n ts 
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Announcements 

Caribbean Tectonics 

A Symposium on Neotectonics, Seismicity, 
and Geologic Hazard in the Caribbean ami 
Venezuela will be held Ocioher 23-28, 1983, 
in Caracas, Venezuela. The symposium will 
present new data concerning the tectonics of 
the Caribbean region, including seisniological 
and geological data from Venezuela and the 
implications for Caribbean plate motions. 

Among the topics to be covered are seis- 
micity and present-day tectonics uf the Carib- 
bean; quaternary fault displacements ami 


present fault activity; geothermal sources and 
fault activity; gcudctic, geo cl irono logical, and 
geomorphologicai indicators of fault activity; 
and paleoseismicity, seismic morphogenesis, 
and geologic hazard. In addition, three field 
trips to portions of Venezuela will be offered. 

For additional information contact Andrl 
M. Singer P., Depto. Ciencias de la Ticrra, 
FUNVISIS, Apartado Postal 1892, Caracas 
101, Venezuela; telex: 264 53. 

The symposium, organized by the Venezu- 
elan Foundation for Seismologies I Research 
(FUNVISIS) under die auspices of the 33rd 
Convention or the Venezuelan Association 
for the Advancement or Science (ASOVAC), 
is sponsored by the LNQUA Neotectonics 
Commission. 


Don’t Wait for 1984 

Half Year’s Dues Rate Available Now! 

Join AGU and receive Eos every week for the rest of the year for only $10. ($3.50 for students!) 

If you want other 1983 journals, the full price applies and back issues from the first of the year will be sent so 
that your volume will be complete. 

Enclose this notice with your application and payment. 
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New AGU Mineral 
Physics Committee 

A new Committee on Mineral Physics con- 
sisting of Orson Anderson (chairman), Peter 
Bell, Raymond Jeanloz. Robert Liebcrman, 
Murli Manghnani, Alexandra Navrotsky, 
Tom ShankJand, Joseph E. Smith, and Don- 
ald Weidner has been approved by the AGU 
Executive Committee. 

The increasing number of research groups 
in an area that combines the study of mineral 
properties and solid state sciences (materials 
research) created the impetus for (his new 
committee. At AGU meetings, mineral phys- 
ics studies have been included in recent years 
in sessions of Volcanology, Petrology, and 
Geochemistry and sessions of Tectonophysics. 
A portion of the charter for the new commit- 
tee includes arranging special sessions for 
mineral physics that would bridge the two 
sections. 

The committee, appointed by AGU Presi- 
dent James Van Allen, is now actively en- 
gaged in organizing plans to meet with sec- 
tion chairmen and to have topical confer- 
ences to provide a focus for mineral physics 
studies within AGU and the scientific com- 
munity. 

As yet, the discipline boundaries that fall 
uader Mineral Physics are not settled; howev- 
er, the following fields will be covered in the 
broadest sense: (I) physical measurements on 
minerals, (2) calorimetry, (5) high-pressure 
mineralogy, (■)) defect structure studies, (5) 
mineral anti solids equations of state, (6) 


quantum mechanics of solids, (7) spectral 
mineralogy, and (8) electrical measurements 
on minerals .— PMB 

Membership 

Applications 

Received 

Applications For membership have been re- 
ceived from die following individuals. The 
letter after the name denotes the proposed 
primary section affiliation; the letter A de- 
notes the Atmospheric Sciences section, 
which was formerly die Meteorology section. 

Regular Member 

Robert W. Adams. Magdy Ibrahim Amin 
(H). Brian D. Beckley (O). Teresa S. Bowen 
(V), Jean Burrus (O), Scou L. Davies (T), Roy 

K. Dokka (T), Robt L. Edwards (O), Virgil 
Allen Frizzell (V), Roger Hart (V), Michael 
M. Herron (V), Masahiko Honda , J. Michael 
Kelly (H), Philippe Lambert (P), William W. 

L. Lee (H), Chikao Nagasawa (A). Robert O. 
Pepin (p). Patricia A. Savage (V). Gordon E. 
Schachcr (A). Timothy J. Shaw (O), Steve 
SlalT (V), Tammy King Walsh (O). Peter D. 
Walsh (H). Vongping Zhang (H), Bao-Zhcn 
Zhu (A), 

Student Member 

Scon Adamek (T), Jean H. J. Bedard (V), 
Andy R. Bobyarchick (T), Alison Y. Brown 


(S), Gilles Y. Bussod (V), Richard Dobson (T)> 
Michael B. Dufresne (V), Billy E. Giles (H), 
Moha med Helwa (H), Eric James Hubbard 
(S), Lisa Kaplan (T), Longzhang Li (O), Mir- 
eille Malgrange (S), Janet A. Nulei (H), JeF- 
Frey G. Torrance (T), 

Associate Member 

Robert Hunter (S), Michael W. Martin (T). 
Ted H. Willis (S). 

Top Sponsors 

One thousand 
and twenty-eight new 
members have been 
elected through May 
31, 1083. The top 
sponsors, AGU mem- 
bers sponsoring three 
or more new mem- 
bers, are listed below. 

Eight Members Robert T. Hodgson. 

Six Members Harold H. Demurest, Jr., 
Karyn Massoni, Paul E. Myers, Erwin Seibel. 

Five Members John A. Dracup. Robert 
B. Smith. 

Four Members Laurie Brown, Robert L. 
DuBois, Kazuya Fujita, John J. Gallagher, Jr., 
Louis I. Gordon, Carl Kisslinger, L. A. Ki- 
vioja, William J. Teague. 

Three Members Dennis S. Hodge, Mau- 
rice W. Major, Harlan L. McKim, David F. 
McTigue, Philip A. Myers, Christopher N. K. 
Wooers, Dennis O. Nelson, John H. Reyn- 
olds, Leslie Smith, Urho A. Uotila, David A 
Yuen. 
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Nominations for 
Officers 
1984-1986 

The following nominees were prescind J 
fhe Union am! section nominating 
tecs and were accepted by the Council: 

Union 

President-elect 
John D. Bredehoeft 
Peter S. Eaglcson 

General Secretary 
Peter M. Bell 
Leslie Meredith 

Foreign Secretary 
Louis J. Bnttan 
Juan G. Hoed ever 

Sections 

President-elect Secretary 


Atmospheric Sciences 


Ralph Cicerone 
Julius London 


John D. Bossier 
Petr Vanf&k 


RexJ. Fleming 
Desiraju B. Rao 

Geodesy 

William E. Carter 
James Marsh 


Geomagnetis mIPaleomagnelism 


Subir K. Banerjee 
D. Ian Gough 


John W. Hillhouse 
John L. LaBrecque 


Hydrology 


Jacques W. Dcllcur 
Mutsliall E. Muss 


Thomas Madded II! 
Edward A. McBean 


Ocean Sciences 


Arnold L. Gordon 
Donald V. Hausen 


Barbara Hickey 
William C. Patzeri 


Planetology 


Michael H. Chit 
S ean C. .Solomon 


Raymond E. Anidson 
H.J. Melosli 


Seismology 


F. A. Dahlcn 
Stewart W. Smith 


William L Ellsworth 
Emile A. Okal 


Solar-Planetary Relationships 


R. A. Hclliwcll 
Martin Wall 


Aeronomy 


G. G. Sltjee 
Edward P. 

Szuszczewfcz 


Cosmic Rays 


Leonard F. Burlaga 
Douglas Hamilton 


Magnetosphere Physics 


Mary Hudson 
George K. Parw 


Solar and Interplanetary Physks 


Alan J. Lazaru* 
Bruce T. Tsurutanf 


Tectonophysics 


Christopher H.' 

Scholz 
Richard P. 

Von Herzen 


Name 


(Please Print) 


Address 


SOURCE 18 . 3 . 2 , 4 , 0 , 


CREDIT 






Barry Parsons . 

Wayne Thatch cr ;. 

Volcanology, Geochemistry, andPdroh , £?•->.; 

A, L. Boettcher Gary E. Mp*. 

Robin Brett Bruce D. V:"i> 

Members of AGU are Invited to 
ditlonal nominees by petition in acc ^T_j E ned 
with the bylaws. Each petition mud « _jo. 
by at least 1% of the voting members P^i 4 
Union or section, as the case may «*» 
such petitions must be received “F *^1. 
al Secretary by September .-16.' I TjJtjdl 
number of names required m makc a pw^r 
nomination is as follows: Union, 
ay. .6; Geomagnetism and Pa|eom^g I V n ■ ; 
Hydrology, 26; Atmospheric 
Ocean Sciences, 21; Planetology, & . • 

gy, '16j Solar-Planetary Relationship*' m 

.Tectpnophysics,,l5; and VolrtP?! 0 ^ 1 , .-.V' • B- 
chetnistry, and Petrology, 16.V-/'.; . <: • ' 
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Separates 


To Order: The order number can be 
found at the end of each abstract; use all 
digits when ordering. Only papeis with 
order numbers are available from AGU. 
Cost: SS.50 for the first article and $ 1 .00 
for each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your order to: 

American Geophysical Union 
2000 Florida Avenue, N.W. 

Washington, D.C. 20009 


Exploration Geophysics 

0110 Hsjeitlc aod alaccrical oat hod I 

MIII-DIXIH8IOMAL MODEL OP THE KOYNA AREA OP 
UUIAmtA STATE (1BDIAI BASKO OH THE BPKCTIAL 
UU.YII9 or AEUMAUHETIC DATA 

J.B, Hilt (Theoretical Oaophyaica Group, HitiouiL 
Cagpkr.iell Ruoarsb In.ctcncu, Oppal Road, Uy da rabid 
M0 MI, India) P.K. A|rauat, and K.H.fl. lio 
Tii auiaacton of CbLefcnaia of trap roeka in tha 
■Htbsoaka-aflacEad Kajrna araa ti an (Bportant 
parnatit (or ravaaltni tha topography that axlatad 
lifer, eh. Daccan rolcaniaa. In tho proasnt work, a 
et.a boatory i. praaascod dalLnaatlnj a 
Urta-dlaaoaiaaal block nodal (or tha Eoyna araa by tha 
■pactral aaalyila of aarOBaineele data. Tha thlcknaaa 
ia tha aria via foued to vary from 700 to 7700 a, irtsteh 
tecr.litia vail with tha raiulta of ocher laophyatcll 

Umt Irk Iom. 
curanics, m. «, ho. 7 


din Cm.nl or nt.calLanioui 
numcAL ahisjtropt— its srtaiptcAHCs and heahihc 
I. Iclb[| (Ixacteuuc voor Aarduatanaehappen , 
Wlplllin A, Poatbua B0. 021, 1S08 I A Utrecht , Tha 

hlh.rl.od.) 

Isa.pharical viva front, in aolaotropic nod I a are 
aflin uiuaad to bo approximately ollipctcal. However, 
in uu.vanaly taoeroptc oadia only tho wavofrooe of 
Sinn la always an ob lata alllpaotd. The wav. front 
or J7 wiyi. la oavar an ollipaoLd, and rha wavefront of 
Zvani [ n an oblate olllptotd If and only iT the 
Riniiloa Vi ■-£..)((’ ii-t'..)-fl7i, .£■.•)■ vanlahea , 
111. ennot bappao IF tha anlaocropy (a dua to 
liaiintlBa (periodic layering with a spatial period 
laill ia comparison to tha wave lan grh) . 

Ihi Ktorranei at elliptical wavi (roots cannot ba 
dri.ct.d oa tha baaia of aurfaca obaarvationa at tloaa 
•In*, alara tha coaplaca wave Field can ba craaaFomad 
fun on. «itb tpbarlcal mvaFronta avarywhers bv alopla 
matching oF Layers. Ha It her arrival t In., nor 
Ifpirmt ilewni.aas (and tnu. Snell's law! art if fact ad 
lj ihi. tr.n.Foraat ion . All eoncepta and algorithms 
Mpjlcabla to apharieal wavaFroota ira applicable to 
•lliptieal wavafronta, in particular the detarainatlon 
slaealocity aa tha ssro-oFFaaC Unit of tho stacking 
nucity, tinea tha raaultlng velocity la invariant 
, 1 ilratehlng trim fora. t ion , it can caproaaat 
* vsloeitj chat la ieioIF an Invariant, via., the 
wloelty at right an, la. to tho diroctioo oF 
•“•lehira- However, amplitude obaarvationa oF SH wave. 
W an Indapandaut indication oF elliptical 
rtrotropp. 

tha vavaFroot. oF P and Sf waves can na.er 
•lllMildi l( tha anisotropy is tha result of 
‘■Mlatioo, pleea. oF tha wave Franc can hi roproanoied 
,B >f«ciant accuracy by an ellipaoid. Thia 
iroiastatloa allow, a siaple datarainatioo of tho 
lUit of at,e hing velocity/ vert (cal 
. T ‘ Co "<tralnia on tha paranatorl of tho chin 
'hat coast It uto a lane Hated oadiun can ba 
...I. . ... 0 “I'otralnta of the above valoclty 
.'[J 1 P wvei chla retio ia cancsred around unity 
ttlrav.!™ ,ln ** 01 B °i'*tleuint parSHtan. 

‘•’raisics, V01. 48, ». 7 


Hydrology 
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3780 Climatology 

sssassfsss r — - “» 

v. H. Tvlor tHCiAA/BaUcoU Barth Bat. lute Dais md 
L IT&m *’ ^* tin « 100 l - C- 20233) md 

o.S?!r« fr0 ? i he ?E ,U4 ? ia, oh A nB «lo or tho Mint us -7 brth 
& P«riB«t are omblaad with 
other data uo Earth lurrsoe oondltlom and oloudinna.. 

“~» lraet J“» 1 rariactaoea era conatmetod 
froa this data »r uni Tore Earth and eloud surras*,. 

th ‘ t »lootr*ta the bl-dir,t-Uon,l 
propertiea or aurfacai uA how thnae vary »Uh nular 
xealtb onglo(BZA). Depudeace or olbado on BZA la a Lao 
■noun. 

Conclusion* may bo ataiarlzed aa rollovsi (1) Water 
aurFaeei nxhihit 11 mb brightening at aU SZA* t (S) Cloud 
and land nurracal ohaage Froa lUb darkening to 

“ 334 iBcroasem (3) The land surfoca 
eahlbita higher boebord rerieetloo for 9 LAs l. u thma 
about JO 1 (L) All of tha aurraoea In thin study breed- 
noro spaeulsr aa 52A insrauea; (5) Sitov la the ooit 
nearly liotroptn or thaie aurfacoai (C) Snow albedo 
nhoua very little variation ulth BZA add oven show, a 
allghb dternae over a lUlttd nnga; (7) Ubado 
ga ne rally Uerea.aa with Inoreaalng 8ZA Mr atbnr than 
nnow aurfoeeai (8) Angular pattaraa for Ugh wator and 
Xca clouds are quite Hollar, but lea elouda are nore 
nearly l.otroplc; (9) The angular patterns davalopii in 
thia study are In quaUtatlve agreiaeat with tho.a frtn 
other Investigation.. (Bl-dlrectloaal reflectance, 
albedo, radiation budget). 

J. Caopltps. Rea., Ccaan, Paper 1C0&2S 

37S5 Interaction of icaoiphara ulth sloe tro Bag- 
net lc viva 1 

ASSESSWJfT OP TW CQNTRIBlfTICK OP DIFFEREHT1AL 
POLAHIZATin TO IW’ROVGD RAINFALL (CASUHEWHTS 

C. H. U lb rich (Claucn Ihiveralty, Cleoaon. 8.C. 

208311 and b. Atlaa 

A description la given of the efFeeta of varla- 
tioni In 1 he ihapa or braidth of Che drop lire 
distribution (DSD) an rainfall pinasters deduced 
fro, a ra inure Dent technique which eoployi the 
differential reflectivity factor Zr, and the re- 
flectivity factor at horltontal polarisation Z H . 

The mthaoatlcal fora of tha DSD used in a gave 
distribution. Justification for such a fora la 
given through consideration of varying DSD shape 
in nature at Implied by the results nf nplrlcal 
analyse, of other “ori.rj, Theoretical egres- 
sions are derived for rainfall rate R. liquid 
water content H, and aedian voluna dimeter D 0 
In taros of Idr. Zji and site dlatrlbuilon depen- 
dant factors. Thana expression, are used to 
■sseis quantitatively the effects or changes in 
DSD breadth on values of R. k and D. deduced froa 
Zqd and Zjj. They are alio usod to show tha 
effects of Masoraaent errors in Zq, and Z H on 8, 
h and D a . The potential I up rove rent In accuracy 
which Is possible tdin account Is taken of PSD 
shape variations la shown by atsulailng fZ DR . Z la l 
dual- oeai u recent oethod using axporloental rain- 
drop site apart ra. Hat hod, by which DSD shape 
variations could be detected through the use of a 
third route seuiurable aro dlacusiad. 

Rad. Scl. , Paper 39083) 

3799 General (Solar-Iarreatrial Halit lonahlpa) 

C0XHENTS OH "EVIDENCE FOR A SOUR CYCLE SIGNAL IH 
TROPOSPHERIC HINDS* 

D. E. Yarmi (Control Data Corporation, P.0. Box 1249, 
Kloaaapolia, KN 15440), 0. D. Haatton and A. D. 1,1- 
Bont 

lu a pravloua paper It «aa auggaatod that a aubitan- 
clal li-year parlod solar cycle luriuauca nay axlit ln 
tropoapharlc wind and taaparatura data. Ilia currant 
study raanalysai a mbaac of eba original data with 
tha (atauc of bitcar lanstlng Lha ilgulllcanca of tho 
reportud correlations, beenalva use la aids el m- 
plrlcal tasting I aloe oployad In a naxlaua aotropy 
npaetral Sualyala. Tba n»v findings indicate that rhe 
correlation! batwaen tha 10.7 cn aolar flux and 300 ob 
winter winds are not atatlitleaUy significant. An 
upper Halt on ebu percentage of variance Ln thtai 
wind* which la explainable by a aolar cycla Influaosa 
la suggested to ba .*81. (Sol ar-tama trial, el Ios- 
co logy) 

J. Oouphya. Has., Oraan, Paper JC0794 


Oceanography 


47G5 Bur Face waves 

SHOW HAVES on IfflK HA VLB 

1C. Xanyon ISorlppa l nit L tut Ion of Ocaataqrophy, ft- 010, 
Univarally of CollfornU, Ban Dlogo, La Jolla, 

California, 92093), D, shares and n. Bornatuln 

Bpatlal chanqoa in tba wavs length and direction ot 
mart wava longth aurfaca gravity wavan, caused by 
thair Istorautlon with ouch longor wava lonqth qravley 
wavaa, ara oaloulatad by applying qacsaulcal optic to 
tha abort wava. In tba rafaranca Iran that reduce, tho 
Long wava, to a ataady currant, which la horizontally 
variable but unldiroatlnnal. Tho wava ray, ora vary 
nearly parallel to tho direction of tho currant. Along 
a ray tha wava length and tha angla batman tha propa- 
gation direction of tba abort waves ind the ray dlraa- 
tlon us both outran st tba long wava troughs (wh.ro 
tha steady currant spied la Baximn) and nlnlniD at 
tho craata Iwtiara tha currant spa ad la nlnlnuBl , whether 
the abort wavaa traval with or against lha long wavaa. 
Th* abort aval oan saver ba raflactad by the long 
wove*. lh* magnitude, of tha wava length And dlnotlon 
ahangua oF tha abort wavaa calculated era valid tor 
arbitrary mrZaaa dope of both abort and long wnvol, 
ounclng no wave breaking occurs. That stars, tha. a 
ramltu are ana general than any ksown ones, but xhoy 
agiaa with aarllur work whan all wava alopei ora taken 
■Bill (Kagiarod to unity and the wava nutter dLioatlsna 
or tha short and lung wavaa Bra parallel, tuava-mva 
Interaction, gaonotrlca) optica, tlulto anplltudo) . 

J. Couphys. lai., Grain, Paper 3C073S 

4770 Turbulanoa and diffusion 

OCIAH1C TOSflULBCE, RIG BANGS OB CCKT1HIKM13 CREATION 
D. R. Caldwell (School ot Oceanography, Oregon Stata 
University, Ccivallia, Otagon, 9723 L) 

In a discussion al tha turbulence charaatarlatica of 
patohai of -microitruotur.- In tha ooaan, tha hypi- 
ehaala advneatad by Olbaon (1982), that tha patohai 
aro produced by very rara but aetraouly powerful 
turbulanri-ganaratlng avanta which usually have 
-Foaslllxad* before chair ahearvatlun. Is coatzaatad 
with tha hypo than, of a turbo I arc. Field driven at 
tha tlH and acala at which it ia obaorvod. In thl. 
*contlnuou.-creation- notion, by no ooana original 
haro, tba driving anargy la canvortad lo turbulancn 
klnatiu anargy in aucb a way that tha ubeervod ovar- 
tuxnlng thick no., acala. Ig, la linearly related to 
the length acaLa (r/x'lk, where a la tha klnatlc- 
anargy dla.lpatlon rata and N la tha buoyancy 
Zraguancy. I Thia ralatlonahlp dnaa not hold ln 
boundary layer a, whir, acothnr kengtb Kale, tho 
dletanua fron thu boundary, to Lupclbd.) If tha 
Uaa acala or tho largest vertical Sddkaa la N- L . 
tba parautora of tcrbulanca and 1U affects can bo 
estivated by tha Biaiurazane of H and Up. ror 
axaopla tha klnatlc anargy dissipation rata would ba 
proportional Co l*n3 and tho varetcal eddy dlffuatv- 
icy would ba proportional to l^H. Coiaful sltontlon 
■mat ba paid to tha aaopltog pracaal and Lta aiBiBp- 
tlcna. *Foaa 11 laid* region, aro axpacead, ln the 
aanae that Uwaa regions had provlaully boon tha 
altaa of atrongar turbulance than la obaarvad at tha 
tiM of obiervitloa. but conaldaratlon of Lha 
Mb .1 11 ration prccaaa ia not nucaisary For tha inter- 
pratntlon or olcroitruotura data. 

J. Geophya. Rea., Grass, Papar 1C0714 

Particles and Fields — 
Ionosphere 

5580 Parti cl a precipitation 
WHIBTUSl INDUCED CHANCED PARTICLE PRECIPITA- 
TION AND DISTORTION OF 0S0MAfl)!3TIC FIELD 
R.H. Singh (Applied Physios Section, 

Institute of Technology, Banar&B Hindu 
University, V or anna 1 221005, India) and 
R. Preaad 

The r so magnetic fluid Is invariably 
distorted baoauas of the lntereotlon with 


the ealer wind, the Magnitude eni morpho- 
logy or geomagnetic field distortion aauigeB 
with tha aolar wind, velocity, solar particle 


470S Boundary Layer 

EFFECTS OF T US -VARY 1 80 V3SC09ITY 08 0SCILLA7QHT 
TURBULENT CHANNEL FL0V 

J. V. Laval Is (NOAA/Paclfic Marina Environmental 
Lab. , 3711 19th Ava. N.E., Saattls, tfA 98105), H. 0. 
Hofjeld 

A aaL-analytlc model of ■ tlaa-dspaodent botteo 
boundary layer baa haao coostructod In which flow sod 
tlme-variabla eddy viscosity era latardepandant. 

Kwa lulled in tba case of oscillatory forcing at tidal 
frequencies, tbs nodal showa tbtt aagloetlng time- 
vsrlitioa. la vlsceaity raiulta in soderestlmataa of 
naxlaua bsttsn alias, asd distortion of ths flew 
prof 11a user times of flow reversal. Acceleration 
and variablo vlacoaity also add Laras proportional to 
xto(i/s ) and a to tbe convaotionil ntaudy-atets 
1 p(i/,J profile near tba bottom. Inf. rue res based 
on tbo°lo|Brlthmlc profile for unucouu made In 
tima-depeodent boundary layer, nay coo.aquencly yield 
loaccurata astlmitas of rsoghoei. losgUi and friction 
valoclty. Blraaa In aoto to lag flow st points sway 
from ths bottom, an bn bean observed ln naasura- 
■antn, though bottom .trail sleays leads flow aloft. 
Bottom atreaa is foued to depend linearly on tha 
fras-stresa velocity in Ilia limit of ttaa-lnvarlsat 
vlacoaity. In tba limit of atnwtly time-varying 
viscosity, bottom stress Is mora nearly qnsdratlc. 

The friction eoafflelant* are nasonsbly tlmn- 
iod spend (it only when the phase lead, 6, batwoen 
bottom straai, I. , tad frsa-atraam velocity, u, is 
incorporsUd LntB ths bottom friction expression. A 
aonorallasd bottom dra| Iso for oscillitory now 
anooapaislniqsll thsae fsituros tabs, tha form I. ■ 
■olUft/Ttfljf" D(t/T*B) , where 0 has a viloo bstwFas 
0 P aod t, and 8 U typically a few lai of degreas. 

In tho axinplsi evaloited, when p » 0, g_ (eo**B»Uon- 
■Uy called r) raagef from J-15 *10" 3/ s, and- vfaao 
fl. 1 , k (coavantiaaally called t) mjii from 1-5 
x JO'*, &a variation In both cisol dapondlai on 
aurfsca Boiaby nirfier. (Oscillatory boundary layer, 
tidal flow, bottom friction, now profiloej. 

J. Osophys. Rom., 0r»«. p «P« r 3C07W 

Se“ I CE% F flcf 1 KICRO^ivE EMSSIVITIC 5 FROM SATELLITE 

sEvi hicmwave md infrared obsematiow 

J.C. Cwlio (Goddard Libor, lory for Atmospheric Sciences. 
HASA/Boddard Space Flljht Center, flreenbelt, HD ZQ7M) 
C ««• ice -U.Wt1« -re UYWtiH.Ud on a 
global scale uilng near sluultaoewii Imaaei fr* in 
dua 1 -pal art let I on Seannlni Hultlclia^JweweveRt- 
dloneter (SMR) and the Teoperatura H wld lty InfNjed 
Radiometer (TKIR) • bath on board the RI*us-7 iltelllti 
The wtisfvlcles In *4 vara I study »r«* * n 
region are obimrvad to ba appro;l«te1y drrjng 

a nine-month period within the fsl . wlnlsr , and spring 
nonths for both first year and multiyear lee, wlU J 
standard deviation of a2o)rt ». During wrt oj 

K'ta'afls-syffirssssar-ffi- 

=n^ a )S233s l 3S£“' 1 ■ 

s&ff : :: 

(Spa Ice, emlialyity, SDH. iKW- ; 

j. Ooanhys. R*a, , Gromii Paper 3C»M . 


flux, magnitude end direction of froien-in 
Interplanetary magnetic field. RTfeot of 
tbeee din tort loos in tha geomuneblc field 
on whletlar wove in ter action with energetic 
charged port lai a a ha* hoan atudled. P reel- 
pit stud oharged port lai a influx has been 
found to Increase with enhanced gaomagnetlo 
field dietortlona. It la eurimagad that tha 
changes In precipitated electron Influx 
might carry the ilgnatuxas of leonagnatlB 
field distort lone. The taerpho log leal 
features of precipitated charged partialis, 
auroral diaplay, bremaatrahlung flux end 
optloal emiaalons may be Interpreted with 
the ohangee in tha aolar wind Interaction 
with geoflagnetlfl field end lta day to day 
variations, (electron preeipltation, vava- 
p article lntaraation, pltob angle eoitterlng, 
geongnetlfl field dletoirtlon). 

J. Deapbys. Isa., Blua, paper 3A0721 

5980 Hkvs propagation 

8TANDIHG HAVE PATTERNS IN VLF NTSS 

R. Brlltslu (School ot Eloctrlcsl Engineering, 

Cornell University, Ithaca, New York. 14B53), 

P. N. Klmnsr, H. C. Ealley, J. C. Siren, and 
D. L. Carpenter 

Obsoryst tons hava bean aids of systsastlc pattsmi 
In VLF hiss, which can bo lntarpraud is a itudlnt 
ware pattern fbxmad by reflection ln tbs lower Iono- 
sphere, Wilticrnqnnsnt VLF electric and magnetic 
Field oxpsrloanti w»ri Flown on three sour ding roasts 
(Nike- Tomahawk 18.201-205) froa Sipla station, Antarc- 
tica during Decsttar 1980-January 1881. On* fmatnrs 
of tha natural omissions hoi observed in a vary similar 
fans during sicb flliht. A band of hiss, typically 
froa 1.5-3 MU, uab ssen on tha uplog to fora • serial 
of closely spaced stripes with uhlitlar-1 Us dlspsrilca. 
Those First appeared at on altitude of 90-85 la and 
amended for as mxb as 40 ku in altitude. 0> ths . 
dovnlsg tha strlpsi uvri observed at lbs soma altltuda 
with ths pattern reversed fa) ttas. No such psttaras 
wars observed by the VLF receiver, operating st the 
isos Lima on ths ground st Sipla or st Its eoalugata 

E lnt. ft ia stuiaitsd that tho patterns ara lattr- 
tincs effaces due to dmmconlai mVes rafl acting from 
a layer ln tbs E- ration sod foralag i stsadlng uyve 
patters. Tha observed stripes are Owe duo to tbs 
rocket' traversing ths eluding wits pattern In onoilte 
direction, oa uplog end downlog. If this lotsrpratit Ion 
It oorrset, the rrlo|# spselng should be related W ths 
wavalsngth sad permits * calculation of tba refractive 
Index, In one ouaple vs calcmlitl a>43.7 in good 
agreaasat with two Independent dstermlut lonx of ths 
refract lva index. (VLF hiss, standing rnvoi). 

J. Csophys, Raa. , Blue, Paper 3A0807 

Particles and Fields— 
Magnetosphere 

S7» Iztaroctlopa bstwmu lelix triad ind 

aagutosshafs __ 

: mum CAL SDBUTIOH 0? TO DATS IDE HKCHOCTUM 
X. BOaklra (lastltuta of Specs and AiliMullul 
Bcitncs, Eomaba, Hagrd, Tokyo 151, Japan) end A. 

Hishlda ...•'••• 

. to tha bit la oharuMtlatlCl of ' 

raconosttien cm U4 doyiida aagnatopacs, *e hav* 

. B¥ T ..i..»y itudiod thq rscoonmettos prooaai at aa 
: iatarfaea dwrs the total pnitm lo in balangs tat 
ths lbs rail ptoama lm hllbac cm ona alia than ea 
eba otkdr. iKopnaatloa lo couasd by qnomaloom 
resistivity that la asrtmod u apprats only, in a . 

■ localised risks st tha interlace- ■madefies ara - 
- iinmad to ba ft** honadarlM but raflaacio* of. tho - / 
parturbailooc briliaatlog from in, Ida eta lisulatlo* ; 
rulon U suppraa.aA by plaoini am abaorblni retina. : '. 
Banlts.cSB ba uprta.ad u lollwi, doootfaii tha '. 
hi A pfssiufa ahd low praiawn isgioea am 
Habstaihaach aod nsgMtesphSlrn, raipejUvily. 

(1) A alaw shook lo fsnsd la mesne torfmmtn sod. s 
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Topics 

■ Theory of Reconnection 

• Computer Models of Reconnection 

• Reconnection iri Earth's Magnetotail 
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thi velocity of ths accalaratmd.plaraa la roughly 
proportioned to .io’lj) + alu , (|}. (ugnatopauia, 
magucosphaca, ricounictlou, alow a I panel Oft, alov 
abock). 

J. Caophya. Pea., Blua, Paper 1AQB08 


9720 (I a to race Lone be twee ft solar wind and oagnuto- 
aphare) 

AH 7 SEE- 3 HIGH TIME MSOLUTIOiI STUDT OF 1 NTERFLANETART 
PARAKETER CORULATIOB8 WITH HAGHLTOSPHIP LC ACTIVITY 
■>. B. BaVar (Lo. Uanoa National Laboratory, Laa 
Alanos, NH 879451, R. D. Zvtekl, 8. J • laua, F.. U. 
Ilonas, Jr. 8. T. Taurutanl, E. J. 3c lth. and 

3.-1 . Akaaofu 

From 1978 to 1782 tha I SEE- 3 spacecraft waa lu a 
"halo* orbit around tho sua-aarch logrsnglan point, L^, 
approaloataly 2*0 Kg upatraaa ol lha aacth and waa 
continuously ln thu upstream solar wind. In order to 
ovaluaca tha af Fleet r oF luh a apacactalt as a 
raal-tloa Incacplanotary oonlter to ptodlct aubatora 
aectvlcy and to oaeaura aolar wind anargy lapat into 
the tarrestrlal Ufluaioapbara, tbraa period* tu 1978 
wars sal acted In which to par fora dual lad cor ratal Ion 
analy.as batwaan aolar wind and Interplanetary oageaiU 
Field (tun paramatara and nagoatoaphatLc arttvlry 
indicia such as AE and Dat . dlgh-tloa resolution 
(l-nln) erarsgti of cnblnad solar wind paraoat. r. and 
DIF paramatara wan uaad to perform LLnoar croas- 
corraLatlen analyosa with tba atmllarly an rased 
magnaioapfcarlc activity indicia. A algal I leant 
dependants of Ihaaa taaulta on lavata Of letlrlty ii 
found. During taUtlvaly qnlat condltLonu all taatad 
parameter! (t, V» B , produe , u . h (0.7-0.8), 

nearly idiot I cal linear correlation eoaffLcLasts wttb 
AE, During diaturbad tlsaa lubatamLlatly lower 
eorralatfeua batwtan all paramatara and AE are Found 
(r £ o,t for VSji r $ 0.4 for a). A measure of total 
magOilalpharlc anargy dlaslpatlon (P T ) Involving both 
auroral and ring currant tains La useful and can ba 
naanlngfnlly calculi tad during diaturbad parloda of 
genaagoatlc a ton (or aiomllba) activity. 0. ia 
rath.r highly corxalatad (r > 0.6) with all taatad 
paruitars daring diaturbad tinss, Tba poraaatar c la 
often inpatior to xha B ( paranatara in predict ion of 


Or. Notably, ws find (hat (ha typical Intrinsic 11-40 
nlnntl daisy bemoan interplanetary parana tar. and 
nagnatoaplarlc ra.pooan during quist parloda diminish!, 
to £ IS ninutea during diaturbad tfana, (Oaowgaetlc 
activity, solar wind coupling). 

J. Gaophya. Dam., Blua, Fapar 310718 


STD Ihgoatle atoms 

PARTICLE AND WAVE DT2UHICS DURING FLARHA IHjHCTLOdS 
H. C. loans (Spies Science* Laboratory, Tba Aampaea 
Corporation, P. 0. Boa 92937, Los Angelsa, California, 
9D009], J. F. rauasll 

Tha 8CATHA natal tits naaouras part tela and wan Para- 
na can an It mavaa oatbonud oa tha dank aids Fro* tha 
pLaanxipbare Into tha plasma shut. in many eases 
p la ana warn ara not obaarvad la Lha qola.cnat plains 
a heat prior to a plasaa Injection. Tha electro ■ dia- 
tribe Li on function prior to entry late eba plasaa aba at 

la a naarly 1 ■□tropic soft a pec true, J(t) - |/l. just 
tnalda tha plena shaat tha spectra boglM to hudn 
and bacoasa anisotropic, J. > J . Ac tba aatnUlta 
panat ratal das par into tba plain sheet tha spaetrum 
fnrthar bard an*, a (pact ally naar . * 90*. At tha 
inject lo* (ba a tact roe opactiua dtasAeaUy hard*., aod 
often baconcn past'd in tha kaV asatgy range. Tha 
picch asgla sal sot ropy la furtfcar anhaneod in favor 
nf J,. Tha plasaa wava aalaalon. onset occur rod at the 
etna of tha Inject Lon . Whist tar-node wava* era ob- 

sarnd below tba electro* cycla l ton Iregosnoy. II. c- 
Cras title wavaa are detected in beads between (be alao- 
trn eyelet roa fngwsncy haraeqlcs. 

J. Gssphya, Bsa., Hue, Paper 3A0771 


576C CDaractfoa 

BBLF-COBStSTm TMDEY OF THEE-DIICBBlDfUL C0N- 
VBCIIOD TO TUB CEOHiqnTIG TAIL 
J. Blrn and K.' Sobladlar (Tfaaotatiscba Ptiysik if, 
U»-lUntlT(ft Boetum, 4630 lotbitt, F.R.C.) 

lha sal f-con*latant tba or y of t Ime-dspscdant ton- 
vacciea Ln Lha earth 1 ■ na|Mtatal1 of Ichlndlar 
and lira (Itll) 1* ouandsd to thrsa d loan a ion a to 
Include noca roatlsUc tall geaawtry, and thteo-di- 
nonalooat flow. Ht coaf In*, that a steady state, 
aolntisa iaqilivs onraal latte call geometry if 
large part tele .Or anargy- losses iklt an imraali- 
■k lc during guise lid. a and eoncloda tbarafora 
In tha 2-B nasa.chat tkt nagnatutsll b acon * , tins- 
dependant for typtesl motkiIm alar trie fields. 

Eaplicli aolwttooa arm derived, even aalytl- 
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